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VERTEBRAL ANGIOGRAPHY IN THE DIAGNOSIS 
OF ACOUSTIC NERVE TUMOURS 
by 


Olle Olsson 


Vertebral angiography has assumed the rank of a routine roentgen 
diagnostic method due to the catheterization method described by 
RADNER (1947) and the elaboration of the percutaneous puncture tech- 
nique reported by SuGar, HOLDEN and PoWELL (1949) and LinDGREN 
(1950; but demonstrated in 1947). Cumulated experience since the in- 
troduction of the method has markedly widened our knowledge of the 
normal and pathologic roentgen anatomy of the vertebral system. 

In view of the normally wide range of variations, we are faced with 
diagnostic problems that cannot be solved until systematic studies have 
given us more precise knowledge of the vascular network in the posterior 
fossa. But our present knowledge is sufficient to make a tentative analysis 
of the angiographic characteristics of certain types of tumours. 

The purpose of the present paper is to report an analysis of the angio- 
graphic appearance of acoustic nerve tumours. Vertebral angiograms 
demonstrating acoustic nerve tumour have been published by LINDGREN 
(1950) and by RapNER (1951). 


Material 


In the Department of Neurosurgery of the University Clinics of 
Lund, seventeen patients have been operated on (all the operations 
were performed by Dr. LUNDBERG) for acoustic neurinoma since we 
began to use vertebral angiography in the Roentgen Diagnostic Depart- 
ment. 

Some of the present cases are included in RADNER’s monograph: ‘Vertebral angio- 
graphy by catheterization’, 1951, which however, deals mainly with the method as such, 
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Fifteen of these patients were referred to us for vertebral angiography 
In two cases the general condition of the patients was too poor to permit 
of examination. The vertebral artery was normally catheterized via the 
radial artery. In one case the examination was interrupted on account 
of a technical mishap. 

Of the fourteen patients examined, eleven had a tumour on the right 
side and three on the left. The ages of the patients ranged from 15 to 61 
years. 


Extracts of Case Reports 


Case 1. (B. P. 143/48.) Female, aged 16, with a two years’ history. Roentgen 
examination: Skull: Slight, funnel-shaped widening of the right porus acusticus internus, 
Vertebral angiography: The basilar artery is situated to the left of the midline. For some 
distance from its origin the right posterior cerebral artery extends horizontally and the 
right superior cerebellar artery is markedly displaced upwards. Small, closely packed 
irregular vessels are seen in an area extending from the margin of the pyramid up to the 
tentorial slit. The area is 4 cm in diameter, is irregular in outline and extends across the 
midline and down to the foramen magnum. Diagnosis: Richly vascularized acoustic 
nerve tumour on the right side spreading widely up to the tentorial slit and down to the 
foramen magnum. (Fig. 1 a.) Operation: Extremely vascular acoustic nerve tumour, 
widely spreading up to the tentorial slit and down to the foramen magnum. 

Case 2. (G. R. 249/47.) Female, aged 25, with a six months’ history. Roentgen 
examination: Skull: Slight, funnel-shaped widening of the left porus acusticus internus. 
Vertebral angiography: The basilar artery extends along the midline. The left posterior 
cerebral artery runs a flattened course. The path of the left superior cerebellar artery de- 
scribes a marked superolateral arch extending to the midline. The arch encompasses the 
widened left porus acusticus internus. Diagnosis: Acoustic nerve tumour on the left side 
extending far upwards. (Fig. 2 a.) Operation: Acoustic nerve tumour extending through 
the tentorial slit. 


Case 3. (K.-E. L. 85/50.) Male, aged 45, with a two years’ history. Roentgen 
examination: Skull: Slight widening of the right porus acusticus internus. Vertebral angio- 
graphy: The basilar artery lies a short distance to the left of the midline. The posterior 
cerebral artery shows no signs of a pathologic condition. The course of the right superior 
cerebellar artery is markedly flattened, while the corresponding vessel on the left side 
displays a sharp posterocaudal curve. Immediately inferior to the right superior cerebellar 
artery, a filling is obtained of a band 2 cm wide, of narrow, irregular vessels running in a 
paramedian region and extending from the foramen magnum to the bifurcation of the 
basilar artery. (Fig. 1 c.) Lateral to this richly vascularized area is a region poor in vessels. 
Diagnosis: Acoustic nerve tumour on the right side. Operation: Typical acoustic nerve 
tumour of brittle consistence. 


Case 4. (T. A. 185/50.) Female, aged 51, with a three years’ history. Roentgen 


examination: Skull: No signs of any pathologic condition. The pori acustici interni are of 


normal appearance. Vertebral angiography: The basilar artery is situated slightly to the 
left of the midline. The posterior cerebral artery on the right side runs a slightly flatter 
course than that on the left. Around the porus acusticus internus on the right side are 


a number of very narrow tortuous arched vessels. Diagnosis: Acoustic nerve tumour of 


the right side. Operation: Typical acoustic tumour, fairly poor in vessels. 
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b. 


Fig. 1. Pathologic vessels are seen at the site of the tumour (on the right side). a. (Case 

1) A close-mesh net of tortuous vessels over an area 5.5 cm in diameter. b. (Case 6) Vessels 

(Case 3) Net of tortuous vessels at 

the site of the tumour. d. (Case 12) Pathologic vessels are likewise seen but within a still 

In the last two cases a distinct difference is observed in the course of 

the arteria cerebelli superior which runs a much more cranial course on the side involved 
by the tumour than on the other side (compare Fig. 3). 


of similar appearance but covering a smaller area. c. 


smaller area. 


a. 
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a. b. 


Fig. 2. Arcuate vessels partly outline the tumour, a. (Case 2) on the left side, b. (Case 9) 
on the right. 


Case 5. (W. A. 186/50.) Female, aged 58, with nine years’ history. Roentgen 
examination: Skull: The left meatus acusticus internus is slightly wider in a craniocaudal 
direction than that on the right side. No changes in the bone round the porus. Vertebral 
angiography: The basilar artery lies in the midline. The left posterior cerebral artery is 
markedly displaced medially. The left superior cerebellar artery swings upwards across 
the midline to the left of which it embraces an area in which a number of irregular narrow 
vessels are seen in the vicinity of the left side of the occipital foramen. Diaqnosis: 
Acoustic nerve tumour on the left side. The finding was confirmed at operation. 


Case 6. (E. 8S. 315/48.) Female, aged 45, with one year's history. Roentgen ex- 
amination: Skull: Very slight, funnel-shaped widening of the right porus acusticus internus 
and pressure changes of the sella turcica. Vertebral angiography: The basilar artery 1s 
in the midline. The posterior cerebral arteries are symmetric. The superior cerebellar 
artery of the right side runs a flatter course than the left. A filling of arched, irregular 
vessels is obtained in a region about 2 cm in diamete: and medial to the right porus acus- 
ticus internus (Fig. l b). Diaqnosis: Acoustic nerve tumour on the right side. Verified at 
operation. 


Case 7. (K. K. 20/49.) Female, aged 42, with a four years’ history. Roentgen 
examination: Skull: No signs of any pathologic condition. The por ac. int. are of normal 
width. Vertebral angiography: The basilar artery lies slightly to the left. The right posterior 
cerebral artery has a flatter course than the left; the superior cerebellar artery on the 
right side runs at a much higher level than on the left side (Fig. 3c). No pathologic vessels. 
Diagnosis: Acoustic nerve tumour on the right side. Operation: Multicystic acousti 
tumour. 


Case 8. (N. M. 449/48.) Male, aged 61, with a six months’ history. Roentgen 
examination: Skull: The right porus acusticus internus is slightly funnel-shaped and is 
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Fig. 3. a. (Case 8), b. (Case 10) and ec. 
(Case 7). The most striking vascular 
displacement in these cases is a cranial 
displacement of the arteria cerebelli su- 


\ 2 perior on the (right) tumour side. 


12 mm in diameter while the opening on the left side measures 6 mm. Vertebral angio- 
graphy: The basilar artery lies slightly to the left of the midline. The posterior cerebral 
artery shows no signs of any changes. The right cerebellar artery runs a flatter course than 
the left (Fig. 3a). No pathologic vessels. Diagnosis: Acoustic nerve tumour. Verified at 
operation. 


Case 9. (V. A. 157/48.) Male, aged 42, with a three years’ history. Roentgen 
examination: Skull; The diameter of the porus acusticus internus on the right side is 
12 mm as compared with 9 mm on the left side. Vertebral angiography: The basilar artery 
lies slightly to the left of the midline. The course of the right posterior cerebral artery is 


a b. 
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a. b. 


Fig. 4 (Case 13). Acoustic nerve tumour on the rieht side and glioma in the right 
occipital lobe. The displacement of the infratentorially extending arteria cerebelli superior 
is of the same type as that illustrated in Fig. 3. The right posterior cerebral artery and 
its branches, running supratentorially, are displaced by the tumour in the occipital lobe. 


somewhat flattened and the superior cerebellar artery shows an arched, upward dis- 
placement. A semicircle 3 cm in radius with its centre at the porus acusticus internus is 
defined by a few vessels including a number which are narrow and tortuous (Fig. 2 b). 
Diagnosis: Acoustic nerve tumour on the right side. Operation: A tumour, the medial part 
of which is embraced by a narrow artery. 


Case 10. (A. N. 240/49.) Male, aged 41, with a six years’ history. Roentgen 
examination: Skull: Striking cranial asymmetry. Slight funnel-shaped widening of the 
right porus acusticus internus. Vertebral angiography: The basilar artery is markedly dis- 
placed to the left. The right superior cerebellar artery runs a flatter course than the left 
(Fig. 3 b). Mediobasally in the right half of the posterior fossa is a fine-meshed network 
of irregular narrow vessels within a region 4 cm in diameter. This network extends across 
the midline and is delimited medially by an arched vessel. Diagnosis: Acoustic nerve 
tumour on the right side. Verified at operation. 


Case 11. (B. D. 375/51.) Male, aged 40, with a six months’ history. Roentgen 
examination: Skull: Destruction of the apex of the right pyramid. Vertebral angiography: 
The basilar artery is disposed slightly to the left of the midline. The course of the right 
cerebellar artery differs from that of the left. No pathologic vessels. At operation the 
tumour was found to be poor in vessels. 


Case 12. (A. H. 550/51.) Female, aged 49, with a six months’ history. Roentgen 
examination: Skull: No signs of any pathology; no definite widening of the porus the 
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opening on the right side is 2 mm wider than that on the left. Vertebral angiography: The 
basilar artery lies along the midline. The right posterior cerebral artery runs a flatter 
course than the left. The course of the right superior cerebellar artery lies higher than 
that of the fellow artery. Close to it are some narrow, irregular vessels (Fig. 1 d). Diagnosis: 
Acoustic nerve tumour on the right side. Operation: Acoustic nerve tumour fairly poor 


in vessels. 


Case 13, (KE. J. 78/52.) Female, aged 24, with a seven weeks’ history. Roentgen 
examination: Skull: Funnel-shaped widening of the right porus acusticus internus. Decal- 
cification of the dorsum of the sella turcica. Vertebral angiography: The basilar artery 
lies to the left of the midline. The right posterior cerebral artery is displaced to the left 
and in the cranial section of its path in the occipital lobe, is markedly arched. Its posterior 
branches are strikingly long. The right superior cerebellar artery runs a flatter course 
than the left. No pathologic vessels. Diagnosis: Acoustic nerve tumour on the right side 
and tumour of the right occipital lobe. Operation: Well-defined acoustic tumour. A greyish- 
red mass of tissue in which a large cyst containing clear fluid is embedded, lies in the 
occipital pole. (Fig. 4 a & b.) Pathologic report: The infratentorial tumour is an acoustic 
neurinoma, while the tumour situated supratentorially is in the nature of a cystic astro- 
cytoma. 

Case 14. (BE. P. 202/52.) Female, aged 52, with a five years’ history. Roentgen 
eramination: Skull: The pori acustici interni are of normal appearance; no signs of in- 
creased intracranial pressure were observed. Vertebral angiography: The basilar artery 
is situated to the left of the midline. The posterior cerebral arteries are symmetric. On 
the right side the posterior cerebellar artery runs a flatter course than that on the left 
and the upper part of the vessel lies at a higher level. Diagnosis: Probably acoustic nerve 
tumour on the right side. Operation: Acoustic tumour, poor in vessels. 


Comments 


Of seventeen patients operated on for acoustic nerve tumour since 
the introduction of vertebral angiography by catheterization, fourteen 
were examined by means of this method. The angiographic series included 
lateral and half-axial films and often special views of the area over the 
lesion. The vascular pattern varied widely from one patient to another, 
but certain characteristics were recognized: the basilar artery was situ- 
ated on the healthy side in ten, in the other four it showed no deviation 
from the midline. In no case was it displaced towards the affected side 
(See Figs. 3 a—c). In view of the wide range of normal variation in the 
anatomic relationship between the midline and the basilar artery, this 
limited series does not allow of any definite conclusions on this point. 

In six patients the posterior cerebral arteries were symmetric or 
practically so. In the other eight cases the curve of the artery on the 
affected side was flattened, often to a striking extent. 

Of particular interest were the infratentorial branches of the basilar 
artery. The largest and most readily distinguishable of these branches, 
the superior cerebellar artery, rau an unusual course in all of the cases. 
In thirteen of the fourteen cases this deviation consisted of a marked 


— 
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cranial displacement of the branch on the affected side. In half-axia] 
films the courses of the two superior cerebellar arteries normally show a 
fairly symmetric picture with a sharper caudal bend than that of the 
posterior cerebral arteries. In the above-mentioned thirteen cases this 
arch was markedly flattened on the tumour side; in some cases the vessel 
did not swing downwards but ran upwards and embraced the tumour. 
No fewer than nine cases showed vessels distinctly related to the 
tumour. In Cases 2 and 9 for example (Figs. 2 a & b), fine arched vessels 
encompassed the tumour. In the other cases a frequently distinct, irreg- 
ular network of fine vessels was seen over a part or the entire surface 
of the tumour (See figs. 1 a—d). 


Vertebral angiography has thus proved valuable in the diagnosis of 


acoustic nerve tumour. Greater information regarding the roentgen 
anatomy of the small vessels in the posterior part of the skull would, 
however, prove to be of considerable assistance and would probably 
contribute to a refinement of the diagnosis and result in a more precise 
differential diagnosis. 


SUMMARY 


The roentgenologic diagnosis by means of vertebral angiography together with the 
operative findings in fourteen cases of acoustic nerve tumours are described. 

The value of the method appears to be established and will doubtlessly be enhanc ed 
when more information upon certain roentgen anatomic details has been collected. 


ZUSAMMENFASSUNG 


Vierzehn Faille mit Akustikustumoren, in denen die Diagnose réntgenologisch mit 
Hilfe der Vertebralisangiographie gestellt wurde, werden zusammen mit den Operations- 
befunden beschrieben. 

Der Wert der Methode scheint sichergestellt zu sein: er wird noch erhéht werden, 
wenn weitere Erfahrungen iiber gewisse réntgenanatomische Einzelheiten gesammelt 
worden sind. 


RESUME 
L’auteur confronte les résultats de [examen radiologique par angiographie verté- 
brale avec les constatations opératoires dans quatorze cas de tumeurs du nerf auditif. 
La valeur de cette méthode semble établie et sera certainement plus grande encore 
quand on aura réuni plus de renseignements sur certains détails anatomo-radiologiques. 
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FROM THE ROENTGEN DIAGNOSTIC DEPARTMENT OF KAROLINSKA SJUKHUSET 
(DIRECTOR: PROFESSOR KNUT LINDBLOM), STOCKHOLM, SWEDEN 


THE RADIOLOGIC APPEARANCES OF THE HEART, 
OESOPHAGUS AND LUNGS IN FUNNEL CHEST 
DEFORMITY 
by 


Nils P. G. Edling 


Most patients with funnel chest are conscious that they have pos- 
sessed the deformity for as long as they can remember. In the vast 
majority of cases it is a developmental anomaly, often hereditary; in 
a few cases it is a sequel of severe rickets. The deformity may be asym- 
metrical, when it affects one side of the chest more than the other. It 
is most frequently on the right, where the junction with the normal 
chest wall is more abrupt, than on the left side. 

The degree of sternal depression is simple to assess clinically. The 
intrathoracic configuration may be predicted by inspection and by 
measurement of the depth of sternal depression in relation to the antero- 
posterior diameter of the chest. The most accurate demonstration of 
the results of the deformity, however, is obtained by radiologic examina- 
tion. 

The subject has previously been investigated radiologically in small 
series of cases by GROEDEL (1911), PoHL (1928), ROsLER (1929, 1934), 
GRIESHABER (1937), ZDANSKY (1939), SCHWEDEL (1946), TepLick and 
DRAKE (1946) and KouHLer (1949). 

GROEDEL, who was the first author on the subject, states that the 
position of the heart is more dependent on the thoracic depth than on 
the sternal depression. The depth of sternal depression has not been 
accurately measured radiographically. On the other hand, the sterno- 
vertebral distance has been noted, and according to R6sLER (1934) the 
average normal is 10.3 em in the adult male and 9.2 in the adult female. 
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The smallest sterno-vertebral measurements recorded are 1.3 cm (R6OSLER 
1929), 4.5 cm (GRIESHABER), 3 cm or less (ZDANSKY) and 3.3 em (KOHLER). 

Sternal depression may result in either anterior indentation, or lateral 
displacement of the heart. Pout, R6sLeR (1929) and ZpDANSKY claim, 
contrary to KOHLER, that they can distinguish diminished opacity of 
the cardiac shadow at the site of sternal indentation. The earlier authors 
all agree that in severe cases, cardiac displacement to the left is a fairly 
constant finding. According to PoHL, and GrresHABER, a normal posi- 
tion of the heart in severe degrees of sternal depression must be due 
to fixation of the heart through shrinkage or other cardiac or pulmonary 
pathology. GROEDEL notes that cardiac displacement is followed by 
axial rotation, so that the heart apex moves backwards as well as to 
the left. 

Even in mild cases of funnel chest there may be a flattening of the 
heart with a straighter left heart border than normal an appearance 
similar to mitralisation in the frontal view (GRIESHABER, ZDANSKY, 
ScHWEDEL, TEPLICK and DRAKE, KOHLER). Apparent enlargement of 
the cardiac shadow in the frontal view is mentioned by ROsLER (1929), 
GRIESHABER, and KOHLER. 

In some cases the oesophagus is seen to be displaced to the left 
(R6sLER 1929 and ZDANsKY). 

The earlier authors observed changes also in the lung-fields. ScHwe- 
DEL states that a right lower parasternal density is often noted, caused 
by end-on visualisation of soft tissues within the sternal depression, 
especially when the latter is asymmetrical to the right. Slight rotation 
into the left anterior oblique position results in disappearance of this 
opacity, as the soft tissues responsible are no longer viewed end-on. 
TEpLicK and Drake point out the prominence of the right hilar and pul- 
monary trunk shadows secondary to the cardiac displacement. 

For further study of the subject the author has collected 66 cases 
of funnel chest examined radiologically. The cases are divided into 
‘mild’ and ‘severe’, according to the degree of sternal depression. The 
division between the two types is taken as a sternal depression of 2.5 
cm measured from the estimated anterior bony chest wall to the anterior 
margin of the deepest part of the bony sterno-xiphoid (tube-film distance 
125 cm). The maximum depression measured was 5 cm (Fig. 1). The 
material subdivided in this way consists of 49 mild and 17 severe cases. 
These figures do not allow any assessment of the true relative frequency 
between mild and severe cases of funnel chest in human subjects. In the 
mild cases the maximum sterno-vertebral distance was 13 cm and the 
minimum 6 cm, in the severe cases the figures being 11 and 4 cm respec- 
tively. The thickness of the bony sterno-xiphoid and the substernal soft 
tissues varied between just over 0.5 to 2 cm in the mild cases (in a single 
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Fig. 1. Severe degree of funnel chest deformity (posterior border indicated by arrows). 
Heart displaced to the left and more vertical than normal. Apparent enlargement in 
the frontal view. 


case it was 2, but otherwise not more than 1.5 cm) and between 1—2 
cm in the severe cases. 

The heart occupied a median position in the frontal view in 48 of 
the mild cases, and in 6 of the severe (Fig. 2). In the latter the sterno- 
vertebral distances varied between 7—11 cm. Thus, in spite of low figures 
in some cases, the heart was not displaced laterally. However, in most 
cases the lateral views showed the heart to be displaced posteriorly and 
to be lying more vertically than normal (Fig. 2). This is of course second- 
ary to the narrowing of the inferior part of the anterior mediastinum. 

Cardiac displacement to the left was seen in one of the mild (Fig. 3), 
and in 11 of the severe cases (Figs. 1, 4, 5). In the mild case the sterno- 
vertebral distance was 8.5 cm, in the severe it varied between 4—10 cm. 

The conclusion may be drawn that displacement is not determined 
solely by sternal depression and the sterno-vertebral distance. However, 
the left-sided displacement of the heart is much more common in severe 
than in mild cases. It is important to differentiate between dorsal 
scoliosis with convexity to the right causing apparent cardiac displace- 
ment to the left. The material under consideration did not contain a 
single case of right-sided cardiac displacement. 

Cardiac displacement to the left is accompanied by rotation about 
a sagittal axis situated somewhere in the upper part of the cardio-vas- 
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Fig. 2. Severe degree of funnel chest deformity. Deep indentation anteriorly into the 
heart. Heart not displaced to the left but more vertical than normal. (Right heart border 
indicated by arrows.) 


cular shadow. This is followed by backward rotation of the heart about 
a vertical axis caused by the curve of the thoracic wall. Finally, rotation 
about a frontal axis takes place, so that the heart assumes a more vertical 
position than normal (Figs. 1, 4). 

In the cases where the position of the heart was median, sternal 
depression was seen to cause variable degrees of anterior indentation into 
the cardiac mass. (Fig. 2.) In one of these cases there was possibly a di- 
minished opacity of the cardiac shadow in the frontal view at the site 
of the sternal indentation. 

A straight left border was seen in 3 of the mild (Fig. 3) and 11 of 
the severe cases (Fig. 4). Of these one mild and 9 severe cases, in ad- 
dition showed displacement to the left. It may be noted that the straight 
left border is not a sign of mitral heart failure as the configuration of 
the heart in mitral disease is due to dilatation of the left atrium. 

As regards the size of the heart the indentation or the lateral dis- 
placement makes it difficult or impossible to determine the volume by 
measurement of the heart shadow. It is also often difficult to assess 
the size from experience based on a routine heart view unless the cardiac 
shadow is much increased in all projections. 

The heart shadow appeared to be enlarged only in the frontal view 
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Fig. 3. Mild degree of funnel chest deformity. Displacement of the heart to the left. 


Straight left border, and apparent enlargement in the frontal view. Few vessels in the 
lower medial part of the left lung. 


in 6 of the mild (Fig. 3) and in 4 of the severe cases (Fig. 1). Such apparent 
enlargement was seen much less frequently than reported by previous 
authors. The cause of this discrepancy probably lies in the fact that 
the heart size in the present material was assessed on heavily exposed 
films which usually produced a sharp distinction of the right heart 
border from the thoracic spine (compare Fig. 4). 

When a straight left border, or apparent cardiac enlargement is 
present in cases without displacement to the left, it may be caused by 
flattening of the cardiac mass, and a more vertical position of the heart. 
In laterally displaced hearts the straight border may be explained by 
the more vertical position and the backward rotation on the left side. 
The pulmonary artery forms an increased part of the left heart border. 
In fact, the appearances in the frontal position approximate those 
normally seen in a right oblique view. 

In addition, a deformity indicating both congenital heart disease and 
true cardiac enlargement was present in 3 mild and one severe case, 
congenital heart disease alone in one case and generalized cardiac en- 
largement in one case. The relatively high figures of congenital heart 
disease is in accordance with the congenital nature of the funnel chest 
deformity, congenital anomalies frequently being multiple. The higher 
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Fig. 4. Severe degree of funnel chest deformity (posterior border indicated by arrows). 
Displacement of both heart and oesophagus to the left; heart more vertical than normal. 
Straight left heart border. Right heart border overlying the spine. 


incidence of probably congenital heart disease diagnosed radiologically 
in the mild cases may possibly be due to the fact that displacement to 
the left, much more common in the severe than in the mild case, as stated 
above, makes assessment of heart size and shape difficult. 

Stretching and displacement o: the great vessels, particularly the in- 
ferior vena cava, cannot be studied in detail routinely, but requires 
contrast filling. 

Two of the severe cases shc wed displacement of the oesophagus to 
the left, indicative of displacen.ent of the entire lower mediastinum 
(Fig. 4). 

Seven of the severe cases, all with left-sided cardiac displacement, 
showed a density in the lower medial part of the right lung field in the 
frontal view, due to end-on visualisation of the edge of the sternal de- 
pression. A similar left-sided density exists in cases where the chest 
asymmetry is to the left, but it cannot be as easily differentiated from 
the superimposed heart shadow. The density may be misdiagnosed as 
a parenchymal lesion if oblique and lateral views are not taken. It is 
worth noting that it may be seen in the half-axial (lordotic) view (Fig. 5). 

Sternal depression and cardiac displacement also result in displace- 
ment of the anterior part of the lung bases. 10 of the cases showed di- 
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Fig. 5. Severe degree of funnel chest deformity. Half-axial (lordotic) 
view showing the heart displaced to the left and an opacity overlapping 
the right lung. 


minution of vascular markings in the lower median parts of the lung 
fields (Fig. 3). This change was left-sided in 7, and bilateral in 3 cases. 
However, vascularity is as variable in the normal chest that this finding 
should be accepted with caution; but it is of interest as a possible addi- 
tional radiologic sign in funnel chest. 


Conclusions 


In funnel chest the heart, oesophagus and lungs may show changes 
secondary to the malformation. The heart is most often more vertically 
positioned than normal and may be displaced to the left; further, a 
straight left border, and an apparent enlargement in the frontal view 
may be observed. The oesophagus also may be displaced. In the lung 
fields, an apparent density due to the chest deformity may simulate a 
true pulmonary lesion. It is important to be aware of these findings 
in the differential diagnosis of intra-thoracic lesions. The difficulties are 
greatest for those investigators relying solely on frontal views in chest 
examinations. 


SUMMARY 


The author describes true and apparent changes of the intrathoracic organs due to 
funnel chest deformity. The findings mostly agree with those of earlier authors but 


certain further observations are made. 
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ZUSAMMENFASSUNG 


Der Verf. beschreibt wirkliche und scheinbare Verinderungen der intrathorakalen 
Organe, die durch trichterférmige Thoraxdeformierungen hervorgerufen wurden. Die 
Befunde stimmen im wesentlichen mit denen anderer Verf. iiberein; jedoch konnten ge- 
Wisse erginzende Beobachtungen angestellt werden. 


Al 
RESUME 
L’auteur décrit les modifications apparentes et réelles des organes intrathorac iques 
causées par la déformation en entonnoir du thorax. Les résultats de ses examens con- 


cordent en majeure partie avec ceux des autres auteurs; il apporte cependant des données 
supplémentaires. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: DR. CARL SANDSTROM), 
ST. ERIK'S HOSPITAL, STOCKHOLM, SWEDEN 


CONTRAST MEDIA FOR THE KIDNEYS, HEART AND 
VESSELS, AND THEIR TOXICITY 
by 


Carl Sandstrém 


The first attempts at the examination of the renal pelvis after the 
intravenous injection of roentgen-opaque salts were made in 1923 by 
OsBORNE et al., and in 1928 by Roseno. The former used large doses of 
sodium iodide, the latter a medium compounded of sodium iodide and urea. 
Both these media, however, gave rise to side-reactions. About 1930 several 
considerably improved contrast media, such as Selectan-neutral, Uro- 
selectan B, Abrodil, Perabrodil and Hippuran, followed in 1950 by Urokon, 
became available. Several of these have since been discarded because of 
their toxicity. As is known, even the contrast media at present available 
cannot be said to be entirely non-irritant to the organism, and can in 
certain cases produce secondary symptoms. These contrast media, origi- 
nally intended for the urinary tract are now used during the roentgen 
examination of other organs such as the heart and vessels, and in which 
the amount of contrast injected, calculated in kilograms of bodyweight 
as well as per unit of time, is usually larger than that employed in uro- 
graphies. The risk of the development of side-reactions, however, has 
consequently increased. A few of the above-named contrast media are 
also used for arthro- and myelographies by means of direct injection. 
Injuries of a serious nature and even fatal cases have been reported 
during myelography and not least, in consequence of the many fields of 
usage, the toxicology of the urographic contrast media has become an 
extremely important question in the continued development of roentgen 
diagnostics. Greater interest than that indicated by the present sparse 
literature on the subject should therefore be devoted te this question. 


Submitted for publication, Oct. 24, 1952. 
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The contrast media and their uses 


The qualifications essential to a suitable contrast medium are 
follows: 


as 


1. It should be so compounded that the largest possible opacity to 
roentgen rays is achieved. 

2. It should be readily soluble in water and should correspond to the 
hydrogen ion concentration of the bbood. 

3. It should be completely inert and thus have no local or general 
toxic effect on the body. 

Before being released for sale on the general market the toxicity should 
be carefully determined by means of animal tests. The results of such 
tests should, even if not published, at least be available for study. The 
results of clinical investigations on patient material should, on the other 
hand, always be published. 

4. It should if possible consist of a single chemically well-defined, 
stable substance. Media compounded of two or more substances should 
not be used unless the added substance is completely inert in the body 
organism. Conditions conducive to the development of toxic secondary 
effects caused by such compounded media may in certain cases be 
increased, and rational therapy against injury from the media be made 
difficult, if not impossible. 

5. The chemical composition-declaration, and dosage of the contrast 
medium should be given clearly on the wrappings of the preparation 
together with the indications for its use to ensure that an unsuitable 
concentration or the wrong contrast medium is not used. Information 
as to the possible development of secondary effects and their treatment, 
the contraindications, the date of manufacture and the guaranteed life 
of the product should also be plainly shown. 

Certain demands should be made upon the examiner employing con- 
trast media. If he thus finds that during a roentgen examination serious 
toxic secondary effects have arisen, a sample, preferably from the used 
ampule or from another in the same wrapping should be given a thorough 
chemical analysis with the object of tracing impurities. Further, the 
patient should be told of his reaction to the preparation in question, and 
instructed to inform the examiner at any future examination. 

In all cases of more severe toxic manifestations a report should be 


published in the medical press for general information. Should cases of 


death be associated with the examinations in question, careful post- 
mortem examinations should be made, and the results made public. 
Finally it should be insisted that in every roentgen department complete 


instrumental and medical equipment be available for the treatment of 
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toxic reactions which may develop during urography and other investi- 
gations with contrast media. 

The contrast media now most frequently used are all organic iodine 
compounds and may be divided into two groups: simple and compound. 


Table I 


Iodine Con- 
Official Name Trade Name tent of the Chemical Name 
Compound 


I. Single Contrast Media 


Sodium Iodometha- Neo-lopax 51.5 % Disodium salt of N-methyl-3,5-diiodo- 
mate, U.S. P. Uropac 4-pyridone-2,6-dicarboxylic acid 
lodoxyl, B. P. Pyelectan 
Uroselectan B 
Methiodal Sodium, Skiodan 52.0 % Sodium salt of mono-iodo-methane sul- 
U. 8. P. Abrodil fonic acid 
Kontrast U 
Intron 68.1 % Sodium salt of di-iodo-methane sulfonic 
Ténébryl acid 
Iodopyracet, U.S. P. Diodrast 49.8 % Diethanolamine salt of 3,5-diiodo-4- 
Diodone, B. P. Umbradil pyridone-N-acetic acid 


Perabrodil 
Dijodon 


Joduron 55 % Morpholine salt of 3,5-diiodo-4-pyri- 
done-N-acetic acid 
Sodium Acetrizoate Urokon 65.8 °% Sodium salt of 3-acetylamino-2, 4, 6- 


triiodo-benzoic acid 


Il. Compound Contrast Media 


Iodopyracet Com- Diodrast Com- 50.4% 40.5 per cent w/v of the diethanolamine 
pound Solution, pound Solu- salt and 9.5 per cent W/v of the di- 
U.S. P. tion ethylamine salt of 3,5-diiodo-4-pyri- 

done-N-acetic acid 
Dijodon D Leo 49.8 % Same as Iodopyracet, with the addition 


of 1 mg of Diphenhydramine hydro- 
chloride, U.S. P. (8-dimethylamino- 
ethyl-benzohydryl ether hydrochloride) 
per ce 


Toxicologic testing of contrast media 
1) In animals 


Investigations published up to now of the toxicity of contrast media 
in animals are few and generally give little information, the tests having 
been made under varying conditions and on different types of animals. 
(For details, see Hecut.) LDso, mean ‘lethal dose’, calculated accor- 
ding to Kiarber’s formula, which destroys 50°, of the test animals, is 
now used as a gauge of the toxicity of a substance. LDso does not, 
however, appear to be determined for all kinds of contrast media. Only 
one fully comparable examination with the same technique has been 
made (WEATHERALL). This included Uroselectan B, Hippuran, Perabrodil 
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and four other iodine compounds, and showed that Perabrodil was the 
best for clinical use. 

BrRoMAN and QO Lsson have demonstrated during angiographies on 
animals vessel changes which they consider as having been caused by 
the contrast media used. The ‘y have further made a comparative exami- 
nation of the vessel changes in question while using three of the different 
types of contrast media in various concentrations: Umbradil (35 °, and 
50 °,,), Dijodon » and 50 °,), Joduron (30 °,) and have found that 
only Umbradil 35 °, did not cause vessel injury. 

GORDON et al. have studied the cardiovascular effect of Diodrast in 
dogs. They observed, inter alia, a lowering of the arterial blood pressure 
which lasted up to 4 minutes, with simultaneous increase of the venous 
pressure and bradycardia. 

ZIPERMAN, HUGHES and STENMARKER have with the object of trying 
to reduce the deaths in animals due to toxicity given barbiturate sub- 
stances and obtained a statistically demonstrable reduction of mortality. 


2) In man. 


The toxicity values ascertained by animal tests are naturally not 
applicable in the case of man. Media which in animal tests show a high 
LDs and therefore have a low toxicity may give rise to serious toxic 
injuries in the human being. Observation of the clinical material must 
therefore be decisive when judging the toxicity of a contrast medium 
and the suitability of its continued usage. The absolute toricity of a con- 
trast medium can admittedly be determined even in the human being 
after the study of a large number of cases of poisoning. The injuries hith- 
erto published do not, however, permit of any such determination. 

The toxic side reactions observed after urography in clinical material 
are usually very slight and of a temporary nature; they usually take the 
form of a sense of warmth in the body, coryza, flushing of the face and 
the skin of the chest, slight giddiness, indisposition, vomiting, and a more 
or less extensive urticaria- like rash which, however, soon disappears. 
Secondary effects may be regarded as more serious if at the same time 
considerable edema appears around the eyes or in the other parts of the 
face or there are blisters, obstinate and lasting skin rashes, cyanosis, 
glottis edema, syncopal shock or shock-like symptoms. 
~ Only scanty information regarding the frequency of such untoward 
reactions in urography in clinical material appear in the literature. 

{0BBINS, FLETCHER, COLBY, SOSMAN and Ey Ler, using U’rokon, have 
observed secondary effects in 13.4 %, of 1,357 cases examined and, using 
Diodrast, in 16.7 © (1,415 cases). OLsson has in a small material found 
secondary effects with Dijodon in 24 % (350 cases), while with Umbradil 
the figures were 25 °% (150 cases) and with Dijodon D, only 6 °, (500 cases). 
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PENDERGRASS et al. have accounted for 132 cases of more pronounced 
secondary effects of a temporary nature caused by ‘oversensitiveness’ 
and ‘anaphylactic shock’ during the use of different contrast media such 
as, inter alia, Diodrast and Diodrast compounds. Deaths have occurred 
during the use of most forms of contrast media. PENDERGRASS and his 
assistants in a collected material of 661,800 urographies in the U.S. A. 
have encountered 26 cases of death (0.0039 °%), 10 of which took place 
immediately following the injection and 16 of which were ‘delayed’. 
In the latter cases, however, it was not considered to have been proved 
that the contrast medium was the cause of death. In the cases of imme- 
diate death, where the symptoms resembled those of anaphylactic shock 
Diodrast had been used in 9 cases and a Diodrast compound in 1. Deaths 
after urography have been reported by, inter al., ULLAND, FIscHERMANN 
and OSTENFELD (20 ml 30°, Joduron), ScHuBERT (20 ml 35 % Per- 
abrodil) and Simon (25 ml Diodrast). 

Serious temporary injuries such as blindness and hemiplegia following 
cerebral angiographies have been reported by LINDGREN, CHUusID et al., 
Asportr, GAy and GoopALL have quite recently in their own material 
of examinations in 150 cases observed serious complications in 17, of 
which 5 had a fatal issue. 

Angiocardiogra; hies often give rise to side-reactions. The patient 
experiences a sense of warmth which may be followed by headache, 
pallor and thirst (DoTTrER and STEINBERG). Fall of blood pressure, ECG 
disturbances such as tachycardia (ZINN) and irregular breathing (Car- 
son) have been observed. DotrrerR and JAcKSON have in a considerable 
material of 6,824 cases observed 0.38 °% cases of fatal issue. The most 
usual form of death is described as being a sudden cessation of breathing 
immediately or soon after the injection of the contrast media. The mor- 
tality risk during this form of examination is thus considerably greater 
than during urographies. It may further be pointed out in this connection 
that factors other than the toxicity of the contrast medium, such as 
faulty injection technique may have contributed to the higher mortality. 
As will further be noted from many of the published reports, both pre- 
medication with morphia, scopolamine, atropine etc. as well as general 
anaesthetics (ether, avertin, etc.) were used in many of the cases in which 
death took place. The dosage of the drugs used has not been specified. 
One is faced with the possibility that in some of these cases death may 
have been the result of an anaesthetic accident (over-dosage) or the 
synergetic toxic effect of the anaesthetic and the contrast medium. 

For thoracic aortography Umbradil 70°, appears to be superior to 
other contrast media and causes a milder general reaction (JONSSON, 
BropEN and KARNELL). Simultaneous electro-cardiographic examina- 
tions showed a bradycardia during the first seconds followed by tachy- 
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cardia lasting about one minute (BrércK, SYLVAN and LinpBLom-TILL- 
MAN). 


Some remarks concerning the compound contrast media 


Regarding Diodrast compound solution, examinations by Pager, So- 
MERS and Fretpine show that the LDs determined in rats is lower 
with Diodrast compound solution than when Diodrast is employed alone. 
The former preparation is thus more toxic in animals than the latter, 
The median lethal doses of the two salts and of a mixture containing 
equal parts of each were determined by the intravenous route in mice. 
The results show that the diethylamine salt (LD,. = 2.76 ml/kg) is more 
toxic than the diethanolamine salt (LD,, = 10.65 ml/kg), while the 
mixture containing the two salts (1:1) has an intermediate toxicity 
(LD;, = 4.44 ml/kg). 

The antihistamine substance Benadryl incorporated in Dijodon D 
(Leo) is intended, according to O. OLsson, to prevent development of 
side reactions or to lessen their degree of severity. According to informa- 
tion received no measures to determine the toxicity of this compound 
medium in animals have been taken. As Benadryl cannot be considered 
an inert substance in the body a determination of the LDso in accord- 
ance with the previous qualifications regarding contrast media ought 
to have been made. A considerable number of references in the literature 
are to be found dealing with the injurious effects of antihistamine prepa- 
rations (WYNGAARDEN and SEEVERS). In ‘New and Non-official Reme- 
dies 1951’ it is suggested that intravenous injections of such prepara- 
tions (Benadryl etc.) should only be given in extreme cases or in cases 
of emergency. In this connection a dosage of 10 mg should be tried first 
and may be increased after 2—3 hours. According to these American 
recommendations Dijodon D which contains 20 mg Benadryl per ampule 
cannot be used without risk. Recently published investigations by Bro- 
MAN are also strongly against the use of this preparation. According to 
this author antihistaminics given with the object of preventing cerebral 
injuries by contrast media fail to do so. There was even a possibility that 
antihistamine preparations caused an aggravation of the injuries. 


Pathologic investigations 


The published material with for the most part incomplete information 
gives no definite indication regarding the causes of death. The most usual 
observation seems to be effusion of blood in the lungs with edema and 
collapse of the lung tissues. Even subdural haematoma (DE GROOT) as well 
as subpleural haemorrhages (Stmon) have been observed. 

In a case of death following intravenous urography recently published 
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by FiscHERMANN and OSTENFELD the kidneys presented a picture partly 
reminiscent of chemical-toxic nephrosis and partly of a lower nephron- 
ne phrosis. 


Contra-indications 


As contra-indications for urography and angiocardiography the litera- 
ture reports over-sensitiveness to iodine, high- grade allergic conditions 
such as asthma and hay fever, kidney diseases with lowered kidney func- 
tion and an increased non-protein value in the blood and advanced dis- 
eases of the liver. Ropprns, FLETCHER et al. advise against urography 
when there is a non-protein value of over 40 mg®,, and if the spec. gravity 
of the urine is less than 1015. WuLFrF considers urography contra-indi- 
cated when there is appreciable albuminuria or a non-protein value above 
40 mg”, 

Several authors suggest that special tests should be made before 
every examination for the purpose of determining hyper-sensitiveness 
to the contrast medium. ARCHER and Harris thus recommend that 1 
drop of the contrast medium should be placed in the conjunctiva of the 
eye. ROBBINS prescribes an intracutaneous injection of 0.5 ml. JONsson, 
BropEN and KARNELL recommend that, in aortographies, test injections 
with a small quantity of the contrast medium be carried out at least five 
hours before the examination. No proof of the value of such prior tests 
has so far been furnished. 


The excretion of contrast media by the organism 


In order to understand the development of toxic injuries it is neces- 
sary to have a knowledge of the elimination of the contrast media. The 
complicated biologic and physical processes which are the basis of the 
secretion of contrast media cannot be enlarged upon here. It should be 
emphasized, however, that the elimination of most forms of contrast 
media from the organism is well-known from the examination of both 
human beings and animals (v. LicHTENBERG, DAMM and JUNKMAN, 
Exrsom and Homer W. Smir# et al.). We have a particularly compre- 
hensive knowledge regarding the secretion of Perabrodil (Diodrast, Um- 
bradil). This medium has as a matter of fact been in use for a long time in 
clinical medicine for the testing of kidney function by the determination 
of the concentration of the medium in the blood and kidneys (Diodrast 
clearance test). Examinations are carried out with both large and small 
single intravenous injections in human beings and animals (FoA and 
FoA, Finpay et al., and B. JosepHson). The last-named investigator 
has used Umbradil 35 °% in an intravenous dose of 40 ml and in cases of 
kidney disease, 20—40 ml. It appears from his investigations with Um- 
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bradil that immediately after the injection a very high plasma concen- 


tration with a value of from 100—150 mg®, results. In consequence of 


the rapid secretion of the medium in the urine the plasma concentration 
falls, according to a logarithmic curve, 7. e. the fall is greater at first after 
which it becomes more gradual. As a rule the plasma concentration has 
sunk to half of its initial value about 30—40 minutes after the injection. 
In the case of patients with reduced powers of secretion the curve falls 
more slowly. One may usually reckon with a ‘delay time’ of 3—5 minutes 
before the high Umbradil concentration reaches the kidney pelvis. Occa- 
sionally the secretion first reaches its maximum after 15—30 minutes 
following which it sinks concomitantly with the plasma concentration. 
B. JOSEPHSON’s investigations have been made both in a considerable 
number of healthy cases and in cases of kidney diseases such as renal 
tuberculosis, double hydronephrosis, essential hypertonia, chron. nephri- 
tis, chron. nephrosis and diabetes insipidus without any injurious effects 
of the contrast medium on the kidney function having been shown. 

According to NEUHAUS et al. the most recent of the new preparations, 
Urokon, is secreted more rapidly after intravenous injection than Diodrast 
(Ropsrns, et al.). 


Causes of the development of untoward reactions 


Serious symptoms may be caused also by factors other than the 
contrast medium, e. g. through faulty injection technique or especially 
when a large amount of contrast agent has to be introduced quickly 
against considerable resistance. Only the causes of side-reactions resulting 
from the injection of contrast media given lege artis will, however, be 
discussed here. 

One cause of secondary effects is given in the literature as being the 
presence of free iodine in the ampules causing a hypersensitive reaction 
in certain patients. There is, however, no record of any chemical exam- 
ination of ampules taken from the same wrapping as the one suspected 
having been carried out for the purpose of detecting free iodine. In 
consideration of the careful supervision now exercised by the drug industry 
it is improbable that free iodine constitutes an impurity. (Regarding 
earlier ampules, see below.) On the other hand it seems probable that 
impurities other than iodine may be a cause of side reactions. It is a 
matter of experience that one and the same contrast medium can be 
more or less toxic, depending upon the firm that has manufactured it, 
and this in spite of the fact that the media, according to the declared 
formula, contain the same chemical substances. The impurity is probably 
to be found in minimum but varying quantity in all contrast media. No 
internationally recognized means of control is at present existent. When 
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firms themselves apply different methods of control the degree of purity 
of any media must necessarily vary. 

When, however, it is seen that side reactions may develop even from 
a medium such as Umbradil, which is regarded as practically free from 
impurities, it becomes clear that the contrast substance itself may be the 
cause. “Gift ist jeder Stoff (Substanz) sobald er durch Wirksamwerden 
seiner Chemischen (physikalisch-chemischen) Krifte unter Anschluss 
orob mechanischen Kraft auf die Lebensvorgiinge eines Individuums 
schiidigend einwirkt” (JAcosr). In other words, a contrast medium is a 
poison to every patient who reacts to it unfavourably. But why should 
contrast medium which in most cases appears entirely harmless sometimes 
produce a toxic effect? There is at present no answer to this question. 

According to another theory (NATERMAN, Ropprns, OLSSON et al.) 
secondary effects depend on a reactional hypersensitivity on the part 
of the patient against the medium in question, not an unusual phenom- 
enon with various drugs (drug allergy, idiosyncrasy). Even in the liter- 
ature on allergy doubt is expressed as to whether the untoward effects 
are of this nature. The investigations of CREPIA et al. do not support the 
theory of an allergic cause because antihistamine preparations which 
are given before urography have usually no effect whatever on the 
occurrence or degree of the toxic reactions. The negative results of 
sensitivity tests also point, according to CREPIA, in this direction. 


The author’s own material 


1) Angiocardiography. 80 cases have been examined in which Umbradil 
and its derivatives have been used in doses of up to 80 ml 70 °% solution. 
In no single case have injurious secondary effects been observed. 

2) Urography. Altogether 9,897 urographies have been carried out. 
The material has been divided into three groups. 


(rroup 1: 4,930 cases, constituting the earlier cases. 

On account of the irregular nature of this group no definite conclu- 
sions can be drawn as to the frequency of secondary accidents. The 
following contrast media have been used: Abrodil, Perabrodil, Uro- 
selectan, Uroselectan B, Intron and Umbradil. Of these media Uro- 
selectan, Uroselectan B, and Intron have given rise to local reactions 
in the form of pain at the site of injection. 

In 20 cases of this group serious side reactions developed but there 
was no death. In a few cases the secondary effects were probably not 
caused by the contrast media but by the considerable degree of compres- 
sion on the abdomen previously used in order to obtain better contrast 
filling of the kidney pelvis. 
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Case 1. Explorer, aged 45. Urography with 20 ml Perabrodil for suspected kidney 
tumour. No reaction whatsoever to injection. After 6 minutes fairly considerable com- 
pression was applied to the abdomen. One minute later, loss of colour, cold perspiration, 
weak irregular pulse, fall of blood pressure to 90 mm. Termination of the examination 
was suggested but the patient wished it to continue. After another minute unconscious- 
ness without palpable pulse set in. The compression was removed after which the pulse 
immediately returned. After about 5 minutes the patient had completely recovered, 
Blood pressure then normal. 


The case suggested that the marked decrease of blood pressure as 
well as the other alarming symptoms were caused by the compression 
and that the contrast medium might not therefore be blamdd. As similar 
observations had previously been made by the author instructions were 
issued in the department that, in future, compression shouhl only be of 
a light nature. The staff in charge was instructed to keep ‘close obser- 
vation of the patient’s condition after the application of the compression. 
Should the patient show the least sign of discomfort the pressure on the 
abdomen should be immediately decreased or removed. The blood pres- 
sure was in such cases to be carefully watched until it had become normal 
again. 

As the symptoms following too great a degree of compression of the 
abdomen have not been discussed in the roentgenologic literature, and 
as they may easily be wrongly interpreted and in consequence wrongly 
treated, an account of some of the earlier investigations explaining their 
development may perhaps be included. 

As early as 1930 Swick showed that by the application of pressure on 
the lower part of the abdomen, by, for example, an airfilled rubber bag, 
better contrast filling of the kidney pelvis and the ureter could be ob- 
tained. This method is probably still in general use. No investigations 
for the determination of the amount of the optimal pressure on the 
abdomen during urethrography have hitherto been published. 

THORINGTON and ScHMIpT in 1923 showed that urinary excretion is 
dependant on the intra-abdominal pressure. Their investigations were 
based on the clinical observation that the excretion of urine decreases 
in ascites but increases after paracenteses by tapping the abdominal 
fluid and at the same time the blood pressure rises. According to their 
results excretion decreased at super-added pressure of up to 15 mm Hg 
and ceased entirely at 30 mm. 

BRADLEY and Brap ey have since shown in 17 healthy test individ- 
uals that the renal blood flow, glomerulus filtration and Diodrast secre- 
tion is considerably reduced by increased intra-abdominal pressure, this 
being a consequence of the simultaneous raising of the renal-venous 
as well as the intra-pelvic pressure. Reduced or completely suspended 
excretion from the nephrons, where a relatively low intra-luminary 
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pressure exists then develops. Obviously a large part of the kidney 
parenchyma does not function when a considerable degree of compression 
is applied to the abdomen. By measuring the consumption of oxygen of 
the kidneys before, during and after abdominal compression at 80 mm Hg, 
BRADLEY and MEYER found that it was reduced on an average by 31 % 
and the blood flow on an average by 52 %. 

WickBom has described 2 urography cases which are of interest in 
this connection. After the injection of 20 ml of Umbradil no filling of the 
kidney pelves was obtained. At the same time, the blood pressure fell 
to about 70 mm Hg. When this again returned to normal (after the 
injection of 1 ml Ephedrin and, in one case, a reduction of the abdominal 
pressure) normal contrast filling of the pelves took place. These two 
cases confirm an earlier observation (int. al. KREHL) that decreased renal 
circulation and decrease of urine may be a result of reduction of blood 
pressure. WiIcKBOM does not discuss the causes in his cases. It appears 
probable that the compression applied was too great, thus causing a fall 
in blood pressure. This, in conjunction with the simultaneously increased 
intra-abdominal pressure, would prevent contrast filling of the kidney 
pelves. 

These investigations, as well as the author’s personal observations, 
suggest that too great a degree of compression on the abdomen causes 
a temporary disturbance in renal function, which can give rise to symp- 
toms of a serious nature. Such symptoms may be wrongly interpreted 
as being caused by a toxic effect of the contrast medium. In every de- 
scription of a secondary accident during urography the degree of com- 
pression used should therefore be stated. 


Group II: A test group of 105 cases. 

In 100 of these cases the compound medium Dijodon D was tried. 
Untoward reactions were observed in 3 cases, of which two may be de- 
noted as serious. 


C'ase 1. A man, aged 35. Urography for suspected kidney stone: 20 ml Umbradil 
was employed. No secondary effects. Qn further urography 5 days later, when the same 
dose of Dijodon D was tried, the patient developed severe convulsion-like shivering im- 
mediately after the injection; the symptoms ceased after an intravenous injection of 10 
ml of a 10 % ecalcii glucon. solution. 


Case 2. A man, aged 45, with high sedimentation test (WESTERGREN). Urography: 
20 ml Dijodon D employed. About a minute after the injection an acute condition of 
shock with loss of colour, complete daze and a bad pulse developed. After 1 ml Ephedrin 
intravenously the patient made a quick recovery. 


Case 3. A man, aged 40. Mediastinal venography for a tumour in the upper part 
of the thorax. Following 20 ml Umbradil 50 % an extensive exanthema, lasting about 
a day developed. 
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Further venography with 20 ml Dijodon D 30 °%, 2 weeks later. The same extensive 
exanthema appeared as after the previous examination with Umbradil despite the added 
antihistamine substance in the Dijodon D. The latter did not therefore prevent the devel- 
opment of exanthema. 


Experience from this admittedly insignificant material of 100 cases 
in which Dijodon D has been tried does not encourage further experi- 
ments with the medium. Neither, as has been previously stated, is there 
any theoretical reason for its employment. 

In 5 cases, Perabrodil ampules of early manufacture, probably 8—10 
years old and which had been put aside, were used for urography. In 4 
of these cases no secondary effects were observed, but in the fifth the 
patient, after 5 minutes, became markedly cyanotic, with shortness of 
breath, an urticaria-like rash accompanied by itching and profuse per- 
spiration. The blood pressure sank to 100/65. After 10 ml of calcium 
glyconate solution intravenously he gradually recovered. After two hours 
the blood pressure was normal. 

The patient was found to be hypersensitive to iodine. In 2 other 
ampules from the same package, chemical examination revealed small 
quantities of free iodine. The example proves that in the case of ampules 
which have been kept for a relatively long time, free iodine may develop 
and give rise to acute symptoms in hypersensitive patients. 


Group III: This group embraces 4,867 cases in which Umbradil 35 °, 
was used in doses of 20—40 ml. This medium proved to cause only neglig- 
ible local and general side reactions. By reason of earlier experiences, 
only light pressure to the abdomen was applied. 

Slight side-reactions such as flushing and urticaria-like rashs of 
temporary duration were observed but not recorded. The frequency of 
these unimportant and, from the differential diagnostic point of view 
often very uncertain reactions, cannot therefore be given. All the more 
serious secondary accidents were registered as it is primarily the fre- 
quency of these which determines the clinical suitability of a contrast 
medium. 

In 8 cases (0.16 %) an extensive urticaria-like rash developed and 
disappeared after 3—24 hours. In 2 cases, repeated vomiting occurred 
which ceased after about 15 minutes. Secondary effects of a more serious 
nature (shock-symptoms) were observed in 2 cases (0.04 °,). The treat- 
ment of these took place according to schedule (shown below), where- 
upon the symptoms vanished. In no case was there any permanent after- 
effects. Observations on these cases with side-reactions will be presented 
in a further paper. 

Our experience of Umbradil in a large material may thus be described 
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as highly satisfactory. The extremely rare cases of serious side reactions 
have been avoided by rational therapy without producing after-effects. 


Own indications and contraindications by using Umbradil 


Based on JOSEPHSON’S conclusions, as mentioned, a number of cases 
of kidney disease with diminished function as well as cases of albuminuria 
and increased non-protein value in the blood, were examined. Exceptions 
were made in cases in which the renal function was so diminished that 
contrast filling could not be expected as well as in cases of uremia and 
suburemia. 

As during angiocardiography the amount of contrast medium injected 
is considerably larger than during urography, cases with fairly severe or 
considerable renal insufficiency have, for precautionary reasons, not 
been subjected to this former type of examination. No investigation as 
to the effect of these large doses on renal function appears to have been 
made up to the present. There is however, reason to assume that these 
do not injure the kidney, even in advanced cases. Owing to the long- 
lasting high concentration of the contrast medium in plasma in these 
cases it is possible that inter alia the central nervous system may be 
affected, for which reason caution must be exercised. 

Liver diseases and allergic conditions such as asthma have not been 
considered to contraindicate urography. The same is true of hypersen- 
sitivity to iodine, as the contrast medium Umbradil used by us is guar- 
anteed not to contain free iodine. Preliminary intra- and subcutaneous 
tests have proved to be of no value. 


Schedule for treatment of side-reactions 


After one case had developed side reactions ot a more or less serious 
nature it was considered necessary to draw up a plan of treatment and 
to provide the necessary instrumental and medical equipment to enable 
the staff in charge to take the necessary preventative measures quickly 
and effectively in the event of an emergency. The plan, which has proved 
of great help, inter alia even for the treatment of 2 cases of severe compli- 
cations which occurred during myelography, contains the following 
instructions: 

1. As a precautionary measure, the injection of contrast medium 
during urography should be given slowly (2—3 minutes) and intermit- 
tently and the patient should be kept under most careful observation. 
Should the patient react unfavourably during the injection a pause in 
the injection should be made or it should be terminated. Therapeutic 
measures are only necessary in case of more pronounced symptoms, 
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particularly if these do not show a tendency to die away quickly. In case 
of an urticaria-like rash, edema of the eyelids, spasms of the larynx 
and similar reactions 10 ml of calcium glyconate should be injected 
both intravenously and intramuscularly (20 ml in all). 

Should the patient feel ill and have a cold perspiration, a weak pulse 
and low blood pressure, any compression on the abdomen should imme- 
diately be removed, and an interval of about half a minute allowed to 
elapse in order to see whether the symptoms disappear or become much 
less. If they continue therapeutic measures should be taken at once, 
preferably in cooperation with an anesthetist or internist. The therapeutic 
measures to be taken depend upon the special symptoms of the case in 
question. No basic therapy is known to us at present. The excellent 
directions for the treatment of drug intoxication presented by 8. C. 
CULLEN have, in collaboration with “colleagues at St. Erik’s Hospit: al, 
been adapted, and followed. 

Hypotonia which constitutes primary shock is to be treated with 
vasopressin given intravenously (Ephedrin 1 ml or Oxedrin '/,—1 ml) 
and the same dose intramuscularly. The patient’s head should be lowered. 
When necessary the drugs shall be given in repeated doses (every third 
or fifth minute), until the blood pressure has risen to, and become sta- 
bilized at, a satisfactory value. During pronounced hypotonia, massive 
doses may be required to raise and stabilize the blood pressure. It is of 
extreme importance to increase the blood pressure immediately as a 
persistent hypotonia may give rise to sufficient hypoxia in the tissues 
to cause permanent injury. 

Oxygen shall be given as long as the blood pressure is low in order to 
counteract the risk of hypoxia during the condition of hypotonia as well 
as for its effects upon the usually irregular breathing. Oxygen is best 
given by means of a mask attached to a rubber bag, especially if it is 
necessary to assist breathing. 

Artificial respiration through manual compression of the rubber bag 
should be applied when natural breathing becomes insufficient for an 
adequate supply of oxygen. 


In case of slight twitching of the muscles and convulsions 10 ml of 


calcium glyconate intravenously and 10 ml intramuscularly may first 
be tried. Should the signs continue in spite of this they can be stopped by 
an intravenous administration of a soluble barbiturate which must be 
given in a sufficiently large dose. There is a risk that as a result of this 
breathing may stop, in which case artificial respiration must be applied. 
It is imperative that the convulsions should be stopped at once. Further 
doses of a barbiturate should be given until all signs indicating a relapse 
of the convulsions on suspension of the preparation have disappeared. 
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The roentgen department has at hand the following equipment and 
drugs with which to combat complications. It is suggested that the same 
things should be available in every roentgen department. 


Apparatus: 
Blood pressure gauge. 
Cylinder of oxygen with reduction valve and rubber tube. 
Rubber mask and rubber bag (5 litres). 
A pharyngeal tube. 


Drugs: 
Blood pressure increasing drugs: 
Amp. ephedrini 5 %%. 
Amp. oxedrini 6 °%. Synephrine tartr. U.S. P. 


Hypnotics: 
Amp. phenemali. 
Amp. phenobarbital (U.S. P.). 
Amp. narcotal, Astra. 


Caleium preparations: 
Amp. calcii glyconatis 10 %. 
Calcium-Sandoz amp. ‘Sandoz’. 


SUMMARY 


Some general points of view regarding contrast media and their clinical uses are 
presented. Causes of the development of side-reactions are discussed. A report is given 
of experiences from the author’s own material, inter alia of 9,897 urographies. Very good 
results were obtained with the contrast medium Umbradil with serious side-reactions 
only in extremely rare cases. The significance of only light compression on the abdomen 
during urography is emphasized. Compression applied too strongly may give rise to serious 
symptoms which may be wrongly interpreted as having been caused by the toxicity of 
the contrast medium. 

A schematic plan of treatment of toxic reactions together with the necessary appa- 
ratus and drugs is presented. 


ZUSAMMENFASSUNG 

Einige allgemeine Gesichtspunkte beziiglich der Réntgenkontrastmittel und deren 
klinischer Anwendung werden angefiihrt. Anlisse, die zur Entstehung von Nebenerschei- 
nungen fiihren, werden diskutiert. Ein Bericht iiber die eigenen Erfahrungen des Ver- 
fassers bei u. a. 9,897 Urographien wird abgegeben. Sehr gute Resultate wurden mit dem 
Kontrastmittel Umbradil erzielt, bei dem ernsthafte Nebenerscheinungen nur in dusserst 
seltenen Fillen auftraten. Die Bedeutung nur leichter Kompression des Abdomen wihrend 
der Urographie wird betont. Zu kriftige Kompression kann ernste Symptome hervor- 
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rufen, welche fiilschlicherweise als durch das Kontrastmittel toxisch bedingt beurteilt 
werden kénnten. 

Ein Schema iiber die Behandlung toxischer Reaktionen zusammen mit der not- 
wendigen Apparatur und den Arzneien wird aufgestellt. 


RESUME 


L’auteur expose quelques idées gvénerales sur les produits de contraste et leur emploi 
clinique et étudie les causes de leurs effets secondaires. I] rapporte ses observations, 
tirées de son matériel personnel, entre autres 9,897 urographies. L’Umbradil donne de 
trés bons résultats et ne cause des incidents sérieux que dans des cas extrémement rares, 
L’auteur insiste sur l'intérét qu'il y a A ne faire pendant les urographies qu'une compression 
abdominale légére. Une compression trop intense peut donner lieu & des symptomes 
sérieux que l’on pourrait rapporter 4 tort a la toxicité du produit de contraste. 

Il indique un plan schématique de traitement des réactions toxiques, ainsi que | 
matériel et les médicaments nécessaires. 
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FROM THE ROENTGEN DEPARTMENT (DIRECTOR: PROFESSOR FLEMMING NO@RGAARD), 
KOMMUNEHOSPITALET, COPENHAGEN, DENMARK 


THE INFLUENCE OF DIPHENHYDRAMINE 
(BENADRYL) ON THE SIDE-EFFECTS OF DIODONE 
IN CUROGRAPHY 
by 


nar Gil q 


In the course of examinations of the urinary tract by means of dio- 
done administered intravenously certain side-effects are often encoun- 
tered. The more common of these are a feeling of heat in the body and 
congestion of the face. Nausea and vomiting are less frequent while 
the more serious side-effects such as dyspnoea, urticaria, rhinitis, 
oedema of the glottis and shock are rare. 

It is not our intention to give a complete survey of the literature 
in this paper and for details of the chemical and pharmacologic prop- 
erties of diodone the reader is referred to PENDERGRASS et al. (1942), 
PENDERGRASS (1943), HILDEN (1946) and K. O. MOLLER (1952). 

PENDERGRASS et al. described twenty-six deaths, many of which 
were due to hypersensitivity following the administration of contrast 
media in 661,800 instances. 

HILDEN also considers hypersensitivity the most important contra- 
indication to the use of diodone and states that he has never seen any 
injurious effects of the drug in patients suffering from severe renal 
diseases or uremia. 

Gavutotr (1950) likewise is of the opinion that unfavourable reactions 
to the injection of diodone is caused by allergy, anaphylaxis or idio- 
syncrasy but believes that it is the diethanolamin and not the iodine 
which is responsible for these reactions. 

FISCHERMANN and OsTENFELDT (1951) reported the death of a patient 
in whom urography had been carried out five months prior to the fatal 
examination. After the second urography anuria developed and death 
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followed in three days. From the autopsy and_ histologic 5 gra 
of the organs, the authors maintain that death was caused | 'V allergy, 
acquired after the first urography. , 

GuLoTTa and LEAVENBROOK refer to a case of death forty-eight hours 
after urography. A few minutes after the injection cramps and uncon- 
sciousness, followed later by oedema of the lungs and papilla nervi op- 
ticl. developed. 

The influence of the blood pressure on the excretion of diodone has 
been investigated by WickBom (1950), who reports two cases in which 
excretion ceased after a fall in the blood pressure to 70 mm Hg in the 
first case, and to 55 mm Hg in the second. After administration of ephe- 
drine the excretion again commenced. WickBomM emphasizes that it is 
well known that a fall in the systolic blood pressure below 70 mm Hg 
is followed by a cessation of urinary excretion: he mentions that in- 
comptete filling of the renal pelvis is often seen in patients who have 
difficulty in tolerating compression of the ureters. The pallor and sweat 
which is frequent in these patients, may be due to a fall in blood pres 
sure, and Wicksom believes this is true in many Cases. 

In consequence of the generally accepted theory of hypersensitivity 
as a cause of most of the side-effects of diodone. it should be possible 
to counteract some of these complications by means of antihistamini 
drugs: these are known to be especially effective against urticaria and 
vasomotoric rhinitis. 

MACKMULL (1948) has investigated the effects of Benadryl! after in 
travenous administration, and especially the influence on the blood 
pressure curve and electrocardiogram. He used doses of from 50—300 
mg dissolved in 50 ml distilled water, the solution being injected over 

period of about four minutes. The most common reactions were diz- 
ziness, tingling of the hands and feet, drowsiness, difficulty in speech, 
indistinct vision, tremors and nausea. Drowsiness was experienced by 
all patients after doses of more than 100 mg and nausea only after more 
than 200 mg. The blood pressure was elevated after all doses, the rise, 
both in degree and duration, being proportional to the size of the dose. 
After the larger amounts the blood pressure remained elevated for two 
hours or more. The electrocardiograms showed shortened diastole, 
evidence of auricular tachycardia and changes in the T and P waves, 


indicating that the site of action was possibly myocardial. The author 
advises against the use of large doses of Ben: idryl in the presence of 


hypertension and heart diseases. 

Especially interesting in connection with the present investigation 
is SODERBLOM s paper (1951) on hypersensitivity to antihistamine drugs. 
He gives a brief survey of the most common applications of these sub- 
stances and mentions the very great quantities prescribed. He is against 
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the use of antihistamine compounds in the treatment of the common 
cold. Beside the side-effects mentioned, excitation and cramps have 
heen seen after toxic doses and a few fatal cases of intoxication have been 
reported. Furthermore, reactions due to hypersensitivity, for instance 
hemopoietic disturbances, urticaria and reactions resembling anaphy- 
laxia, have been described. Among others he quotes Rives et al. (1949), 
who described anuria, probably due to allergy, following the administra- 
tion of antihistamine drugs. SODERBLOM has seen a similar case of tubular 
nephritis followed by recovery. 

Antihistamine preparations have been used by O. OLsson (1951) 
either 30—60 minutes before. or together with the diodone in urogTa- 
phies on patients with histories of allergy. The side-effects of diodone 
were fewer but the antihistamine drugs did not control all allergic reac- 
tions. Most of the patients received 20 mg Benadryl! in 20 ml diodone, and 
which occasionally caused a slight drowsiness: no other side-reactions 
due to the Benadryl were observed. 

Fapricius (1952) administered Phenergan 2 cg orally, ten minutes 
before the contrast injection. He concludes that the number of side- 
effects are not significantly diminished, although they are less pro- 
nounced, Severe complications did not occur in either the group treated 
with Phenergan or in the controls, and no side-reactions attributable 
to the substance are reported, 


Personal Investigations 


The author has investigated the effects of the preparation designated 
“Diodone cum Diphenhvdramino ‘Lundbeck’ ~. This contains the dietha- 
nolamine salt of 3:5 diiodo-pyridone-N -acetic acid, with the addition 
of diphenhydramine | mg per ml. The usual amount for urography in 
adults is twenty ml of a fifty per cent solution and consequently the 
patient receives 20 mg of diphenhydramine. Compared with MACKMULL’s 
dosis, this a moderate amount and far below that likely to produce toxic 
effects. According to MACKMULL it should also be possible t o use the 
preparation without risk in patients with hypertension and_ heart 
diseases. 

The first trials were carried out on a few selected patients who 
had previously been examined with one of the usual preparations. and 
who had then suffered from pronounced side-effects, especially nausea 
and vomiting. The examination was commenced as is the rule in this 
department with a test injection of 0.1 ml intravenously: after an interval 
of a minute the injection Was continued and completed in a period of 
not less than three minutes. The last 10 ml were injected considerably 
faster than usual, however, in these patients with the object of producing 
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a rapid increase in the blood concentration and thus provoking the 
symptoms which had appeared during the first examination. 

As the results of these experiments were encouraging, it was deter- 
mined to try the new preparation in a larger number of cases. 

For the purposes of comparison the side-effects were recorded in 
296 patie nts examined with either Diodone M & B or Leodrast (Group 
1), and in 145 patients examined with Diodone cum Diphenhydramino 
‘Lundbeck’ (Group 2). All side-effects which occurred, even the slightest 
feeling of heat, were registered. For technical reasons the blood pressure 
was not measured in all the patients, but those readings which were 
obtained suggested a difference between the two groups, and conse- 
quently it was determined to carry pond a systematic investigation of this 
question. In Group 3, consisting of 271 patients examined with diodone 
cum diphenhydramino, the blood pressure was measured before and 8, 
12 and 25 minutes after the injection. Among the controls (Group 1) 
the blood pressure was taken in the same way in 72 patients. 

The study of the new preparation was performed on unselected 
patients, since all those directed to the radiologic department for uro- 
graphy from other departments of the hospital were examined with the 
new preparation. In this way Groups 2 and 3 include several cases of 
hypertension and renal disease, a few of uremia, and some free from 
renal disease. 

In agreement with HILDEN’s findings we do not believe there is any 
reason to avoid urography in cases with hypertension and severe renal 
disease, and it is our intention to draw attention to this matter in a 
later paper. 

For compression of the ureters we use the “Lundstrém’ apparatus, 
consisting of a rubber balloon which is fastened against the lower part 
of the abdomen and connected with a manometer so that the pressure 
applied may be measured. In this study a pressure of 50 mm Hg was 
employed. The rubber balloon is inflated immediately after the injection 
of contrast medium. As contra-indications against compression we con- 
sider suspected ureterolithiasis and painful abdominal conditions. As 
a rule the compression is well sustained and only in a few cases has it 
been necessary to release the air. Reactions resembling those described 
by WickBom have been rare. 

As a contrast medium the new preparation is just as satisfactory as 
those used for the controls. 

A survey of the whole material is given in Table 1. 

The general impression was that it was possible, with the new me- 
dium, to avoid the side-effects which usually occur during the injection, 
viz. the sensation of heat and congestion of the face. Table 1 shows a 
decrease in the occurrence of ‘slight discomfort’, and a slight decrease 
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Table 1 


Survey of the material 


Side-effects 
Number 


oft cases slight severe rt | 
urticarl sieepiness 
discomfort discomfort Pp 
Controls (group 296 19 2 3 0 
24 per cent 
Diodone cum diphenhydramino 
group 2 145 2 0 2 14 
group 3 271 1] 2 6 20 
group 2 3 7 116 13 2 N 34 
23 per cent. 


in the more pronounced side-effects viz. severe nausea and vomiting of 
Group 2: the number of patients who had urticaria is not reduced. 

Taking the total number of complications, excluding drowsiness, into 
account, the frequency is only diminished from 8.1 per cent to 5.5 per cent. 

Drowsiness which appeared after the employment of the new prepa- 
ration, has been of little consequence as the patients have not considered 
it unpleasant to sleep during the often tedious examination; it is, however, 
rather surprising that this symptom has occurred so frequently, con- 
sidering that in MACKMULL’s investigation it only appeared constantly 
after doses of more than a hundred milligrammes: our cases were given 
only twenty milligrammes of the drug. 

We have not observed any other side-effects characteristic of anti- 
histamine compounds. 

One of the patients who developed urticaria is represented both 
among the controls and in Group 2. On the first occasion Leodrast 
was employed for the urography and a bullous eruption on the trunk 
and extremities developed. On the second occasion we carried out 
intradermal tests on the right and left forearms with Leodrast and with 
diodone cum diphenhydramino respectively, both diluted to 1/50. Neither 
of the tests was positive and it was decided to use diodone cum diphen- 
hvdramino. The intravenous test dose caused no reaction, but after 
a total amount of 1 ml had been given, repeated dorsal flexions of both 
feet accompanied by slight pain occurred. The injection was at once 
discontinued. One or two minutes later urticaria, identical with the 
eruption seen on the first occasion, developed. Bouts of four or five 
dorsal flexions of the feet appeared in rapid succession but with increasing 
intervals between them for a period of about half an hour. The neurol- 
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ogist who was consulted was inclined to explain the signs as being the 
result of an irritation of the motor cells of the spinal medulla. Simul- 


taneous with the urticaria a papule measuring 6—8 mm developed in 
the regions where the intradermal tests had been carried out. 
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In this case it was impossible to avoid the occurrence of urticaria 
by means of an antihistamine compound added to the contrast medium 
and moreover the precautionary measures employed to detect hyper 
sensitivity were both ineffective. Fortunately the patient recovered 
without sequelae, in contra-distinetion to the case reported by GULOTTA 
and LEAVENBROOK., 

The effeet of diodone on the blood pressure is seen in Diagram 1. 
In 75 per cent of the cases a decrease in the systolic pressure Was detected. 
as a rule of short duration, and in some cases followed by a rise of 10 
15 mm above the tension before the Injection After the addition of 
diphenhydramine, this reaction appeared less pronounced (Diagram 2). 
In neither of the groups was a fall below 70 mm systolic pressure meas 
ured 


Table 2 
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As seen in Table 2 there is no definite connection between the o¢ 
currence of side-effects and variations in the blood pressure, and none 


of the patients presentin side-effects showed anv considerable wante 


tions mm blood pressure. 
\ecording to Mac KMI LLS iInvestigati there is no reason to believe 


that the amounts of diphenhydramine employed should produce any 
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important elevation of blood pressure in patients with hypertension. 
As seen from Table 3, about half such patients showed a decrease, [py 
the seven cases in which the pressure was increased, the elevation was 
only 5—10 mm Hg and the largest decrease was 60 mm Hg in a patient 
who before the examination had a tension of 260120 mm Hg. 

As mentioned above we have not seen any signs of hypersensitivity 
to diphenhydramine, but bearing in mind the increasing use of anti- 
histamine preparations, some of the patients directed to the radiologist 
for urography may well be hypersensitive to diphenhydramine. 


The following points seem to be important when attempting to 
suggest the indications for the use of the new preparation from the 
investigation described: 


1) As a contrast medium diodone cum diphenhydramino is equal 
to the preparations used in the control examinations. 

2) The new compound is likely to produce fewer of the minor effects 
encountered during the injection than preparations without antihista- 
mine contents. 

3) The more severe reactions. especially urticaria seem to be equaliv 
frequent. 

4) The antihistamine content is to some degree able to counteract 
the decrease in blood pressure caused by diodone, without representing 
any risk in patients with hypertension. 

5) The possibility of hypersensitivity to diphenhydramine must be 
taken into account. 


Conclusion 


Diodone cum diphenhydramino appears to be indicated if the patient 
has complained of discomfort and nausea during the injection on previous 
urography. It may also be tried, although without much hope of success, 
if the patient on a previous occasion has developed urticaria, provided 
that the case history gives no reason to suspect hypersensitivity to di- 
phenhydramine. 


SUMMARY 


The effect of diphenhydramine (Benadryl) on the side-effects of diodone has beet 
recorded in 416 patients and compared with 296 controls. 

An attempt has been made to suggest the indications for the addition of diphenhydra 
mine to the contrast medium. 
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ZUSAMMENFASSUNG 


Der Effekt von Benadryl (Diphenhydramin) auf die Nebenwirkungen des Dijodon 
wurde bei 416 Patienten registriert und mit 296 Kontrollen verglichen. 

Ein Versuch wird gemacht, Grenzlinien fiir die Indikationen, Diphenhydramine zum 
Kontrastmittel zuzufiigen, aufzuzeigen. ' 


RESUME 


L’effet de la diphénhydramine (Benadryl) sur les incidents causés par la diodone a 
été étudié sur 416 sujets et comparé avec 296 témoins. L’auteur s’efforce de délimiter les 


} 


indications de l'addition de diphénhydramine au produit de contraste. 
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FROM THE ANTHROPOLOGICAL DEPARTMENT (DIRECTOR: JOHAN TORGERSEN) OF THE 
ANATOMICAL INSTITUTE, UNIVERSITY OF OSLO? NORWAY 


NORMAL VARIATIONS IN THE SIZE OF THE 
EXTERNAL CAROTID APERTURE 
by 


Bernhard Getz 


Introduction 


In his roentgen-anatomical study of various features of the canals in 
the base of the skull, LinpBLom (1936) concludes that the total diameter 
of the vertebral and internal carotid arteries on both sides may serve as 
a direct measure of the total capacity of the cerebral arteries. As, ac- 
cording to the same author, the size of the carotid canal may indicate 
the diameter of the internal carotid artery itself, knowledge of the normal 
variations in the dimensions of the canal and its external aperture should 
be of interest. In his paper, LinpBLOM only deals with the average size 
of the canal: he does not pursue the relationship of the carotid canal to 
sex, age and skull capacity. The present investigation into these rela- 
tionships, from which it is evident that the normal variations are so 
considerable as to merit recognition. has been carried out largely by 
means of the measurement of a collection of 237 skulls. Its purpose 
has been to determine whether there are any significant sex, age and 
symmetrical differences as regards the size of the external carotid aper- 
ture, and any relationship between the size of this opening and the 
capacity of the skull. 


Materials and Methods 


The investigation covers three different groups of skulls: 


1. 121 skulls from Sogn in Norway, including skulls from the localities 
ot Gulen. Kirkebo, Sogndal and Stedyje. The material, which, for reasons 
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which need not be further considered here, is presumably relatively 
homogeneous, consists of 62 men and 59 women. 

2. 66 ‘young’ (under 40 years) skulls from Oslo in Norway. The material 
consists of 30 men and 36 women. 

3. 50 ‘senile’ (over 60 yéars) skulls from Oslo: A series of 35 men 
and 15 women. 


In addition, the size of the external carotid aperture was measured 
{n 60 normal axial roentgen films of 30 young men and 30 young women 
from Oslo. 

The measurement of the size of the aperture is made at the plane of 
the pars petrosa. The width of the opening is measured in two perpen- 
dicular diameters, each diameter being measured twice. No attempts 
have been made to arrive at an accuracy greater than 0.5 mm. From 
these measurements, the area of the aperture is calculated approximately. 
As the sole purpose of the investigation was to determine the size of 
the aperture in a variable normal material, such an approximation 
proved sufficient, especially since the relationship between the various 
parts of the carotid canal has been shown to be relatively constant 
(AuBANIAC 1951). The area of the somewhat oval opening is calculated 
from the formula: 

area 


Results 


]. Ne rence. a. Soqu 


It would be expected that male skulls would generally have wider 
carotid canals than female skulls, by reason of the capacity of the former 
being, on the average, about 200 ce larger than that of the latter. Cor- 
respondingly, the area of the external carotid aperture in males is found 
to measure 29.6 mm? and in females 26.2 mm?. The standard deviations 
are 4.4 and 5.1 respectively, the difference being 3.4 mm2, and the stan- 
dard error of the difference, 0.62. This shows that the difference is signif- 
icant. If, however, conclusions are to be drawn regarding a_ possible 
sex difference in the size of the carotid aperture, it is necessary to com- 
pare skulls of the same capacity in both sexes. For this reason three 
groups of skulls were examined, each group covering a class range of 
100 ce capacity. In all these groups male skulls are shown to have a 
wider external carotid aperture than female skulls of the same capacity. 
Thus the differences between the areas in the groups are: 


Group A: 1,201—1,300 cc. Male: 26.8 mm? Female: 23.4 mm®* Diff. 3.4 mm? 
Group B: 1,301—1,400 cc. Male: 28.5 mm? Female: 25.1 mm? Diff. 3.4 mm? 
Group C: 1,401—1,500 ec. Male: 29.5 mm? Female: 26.6 mm? Diff. 3.2 mm* 
Average: Male: 29.6 mm? Female: 26.2 mm? Diff. 3.4 mm? 
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bh. Oslo: young 

On the average, the area in males measures 26.4 mm?, while the 
corresponding area in females in this group is 23.1 mm?*. The standard 
deviations are 3.8 and 2.7 respectively, the difference being 3.3 mm: 
and the standard error for this difference, 0.57. The difference, which 
may be said to equal that of the Sogn material, is again significant, 
Without going into details, it may be stated that the difference is also 
significant in this material even when skulls of the same capacity are 
compared. 

c. Oslo: senile 

As regards the senile skulls, there is ho marked sex difference in 
the size of the external carotid aperture in this series. No attempt has 
been made to compare groups with the same skull capacity as the figures 
for women in the individual groups are too small to allow of any definite 
conclusions. 


2. Symmetrical differences 
It is obvious from the measurements that there is no marked, if any. 


deviation between the sizes of the external carotid aperture on the right 
and left sides in either sex. 


3. Variation in relation to skull capacity 
In order to obtain a sufficiently large number of skulls in each group, 
it is practical to employ a class range of 200 cc. Group A includes capae- 
mm ities from 1,101—1,300 cc, Group B 
340 from 1,301 1.500 ce, and Grroup 
from 1,501-—-1,700 cc. As it is also 
ven of interest, however, to show the 
300 Variation in a class range of 100 ce. 
this is done for the Sogn material 


in Diagram 1. 

260 It is clear from the diagram that 
P there is a gradual increase in the size 

< 


40 of the external carotid aperture with 
increasing skull capacity. One would 
of course expect to find wider carotid 
canals as well as generally wider skull 


s & nings, in larger skulls. The size of 
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skull. The average values of the size of the aperture, as distributed 
within the various groups in both sexes in the Sogn and young Oslo 
material are seen from the tables | and 2. It will be noted that there is 
a definite increase in the size of the external carotid aperture with in- 
creasing skull capacity, both for the combined averages and each sex 
individually. 


Table 1 


Variation in the size of the external carotid aperture in relation to skull capacity 
in a class range of 200 cc. Sogn material, combined averages and average values for each 
sex separately. Standard deviations and standard errors are noted. 


Sogn, class range 200 cc. area in mn’? 


Are: st. Area St Area St. 


No. No. 
male dev. N fem. dev tot. dev. N 
1,101—1,300 , 26.8 2.15 7 23.0 3.08 34 23.8 3.18 4] 
1,301—1,500 29.1 41.76 30 25.6 4.34 25 27.7 4.87 5D 
Diff. 1 2 2 3.9 
St. er l 0.9 0.7 0.6 
1,501—1,700 30.9 39 25 0 30.9 15 25 
Diff. 2 1.8 3.2 
St. err. 2 0.9 0.9 
Table 2 
Same conditions as Table 1, but in young Qslo subjects. 
Oslo, young, class range 200 ce. area in mm? 
\rea No. Area st Mo. \rea st. No. 
male dev. fem. dev tot. dev. 
1,101—1,300...... 22.9 3.09 4 21.8 2.47 21 22.0 2.60 25 
1,301—1,500 oo) Sal 2.68 12 24.1 2.59 14 25.0 2.70 26 
Diff. 1 3.1 2.3 3.0 
St. er l 1.2 0.9 O.5 
1,501—1,700 ool Bee 4.09 14 25.9) (1) 27.7 3.76 15 
Diff. 2 1.8 
St. err 0.9 O.8 


As a control, the length and breadth of the foramen magnum were 
measured in the same material. It must be pointed out without presenting 
the actual data, that the size of this opening does not show a significant 
increase with increasing skull capacity as in the case of the external 
‘arotid aperture. 
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1 Re lationship of senile young skulls. 


In order to obtain a direct basis of comparison between the size 
of the aperture in senile and young skulls, it is necessary that the skull] 
capacity be approximately equal within the two groups: this obtains 
not only for the average, but also for the distribution within the groups, 
While this is true of the male skulls, there is, in the female skulls. a 
tendency towards a higher capacity in the senile group. 

A comparison of the senile and young skulls of the Oslo material 
shows that in the voung male skulls, the area of the external carotid 
aperture is 26.4 mm* (standard deviation 3.8) while the area in senile 
male skulls measures 24.5 mm? (standard deviation 5.1). The difference 
is 1.9 mm* and the standard error for the difference 0.5, suggesting 
that the difference may be significant: this is, however, not so regarding 
the female groups. There are, however, certain possible sources of error 
which will be discussed later: the finding is therefore presented with 
some reservation. 


Discussion 


The results may be briefly summarized as follows: 


1. A comparison of randomly chosen normal skulls in a young material 
from Sogn and Oslo in Norway shows a significant sex difference in that 
the area of the external carotid aperture is larger in males than in fe 
males, both on the average and in skulls of the same capacity, 

2. There is no difference on the right and left sides. 

3. The skulls in both the Sogn and young Oslo subjects exhibit a 
regular and rather gradual increase in the size of the external carotid 
aperture with increasing skull capacity. This is true for the combined 
averages and for each sex separately. 

4. Young male skulls in the Oslo material have a significantly widet 
carotid opening than senile male skulls in the same material. No such 
difference is found in the female groups. This result is unreliable, although 
a difference in size of the area in young women and senile women, cannot 
really be excluded. 


According to LixpBLom (1936), ordinary measurements of the width 
of the carotid canal, made in the plane of the pars petrosa, do not give 
such reliable results as those carried out roentgenologically. In the present 
investigation, however, as pointed out above, it is primarily the rela- 
tionship between the size of the carotid aperture in different skulls 
which is of interest. In order to control the ordinary measurements, cor- 
responding measurements have been carried out on 60 basal views 
showing normal roentgen appearances. This material includes young 
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skulls of which 30 were male and 30 female. From similar roentgen films 
of a skull used as a control it was found that it was not possible to record 
any differences in the size of the external carotid aperture caused by 
small deviations in the axial view. 

No differences could be demonstrated on measuring the breadth and length of the 
external carotid aperture in three roentgenograms taken of the base of a skull at three 
different angles, varying between + 8° and — 8°. These angles may be said to represent 
the limits of the possible deviation which may be reached in routine roentgen examina- 
tions of this region. 


Using the same formula for calculating the area as that described 
above, these measurements, after the necessary corrections, yield 26.3 
mm? and 24.2 mm? for males and females respectively, 7. e. values which 
are in good agreement with those found in the young Oslo material. 
This material is best suited for such a comparison as the roentgenograms 
are of young individuals in the Oslo district. The corresponding values 
in the young Oslo series are 26.4 mm? and 23.1 mm? respectively. It 
is further found that if the area be calculated, using LINDBLOM’s values 
for the width of the carotid canal as measured in the plane of the pars 
petrosa and in re entgen films as a point of departure, the values obtained 
are 24 mm? in measurement on the skull, and 28 mm? in roentgen measure- 
ments. These figures constitute averages for both sexes. LINDBLOM’s 
skull measurements thus show good agreement with those obtained 
in the present investigation. His roentgen measurements however, are 
somewhat higher than those of the present study, although within the 
normal range of variation. 

The carotid canal is slightly oval in a plane perpendicular to its 
long axis. In addition to the passage for the internal carotid artery, 
it serves to accommodate only certain small veins. It thus affords, still 
according to LINDBLOM, a fairly good representation of the size of the 
artery itself as well as that part of the brain’s blood supply which is 
conducted through this artery. The measurement of the diameter of 
the artery as given by ViERORDT (1906), namely 6.2 mm, is thus neither 
in conformity with the present findings nor with those of LinpBLom. 

From the data presented above, it appears that LINDBLOM’s measure- 
ments of the size of the carotid canal are in good agreement with our 
own measurements of the width of the external carotid aperture. Further 
support for the assumption that the width and area of this opening 
may serve as a representation of the size of the carotid canal is found 
in AUBANIAC’s (1951) emphasis on the regularity of the relationship 
between the various parts of this canal. 

According to LinpBLom, the total breadth of the vertebral and in- 
ternal carotid arteries on both sides is, on an average, 24 mm. He states 
that provided the size of the carotid canals on the two sides do not 
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differ significantly, which they are shown above not to do, the variation 
in this total breadth may serve as a direct measure of the total capacity 
of the cerebral arteries. With due consideration of the anatomy of the 
total blood supply of the brain, it is reasonable to assume that this also 
holds true for the carotids alone. If this is so, one would expect to find 
a direct relationship between the size of the carotid canal and the skull 
capacity. The measurements seem to indicate that there is a very con- 
stant relationship between the size of the carotid canal and the skull 
capacity, a relationship not found, for instance, with the foramen mag- 
num. The average skull capacity in the material corresponds to the values 
for normal average capacities as given by ViERoRDT (1906), Marrriy 
(1914) and others, namely 1,500 cc in men and 1,300 cc in women. 

The significant factors concerning age variations can only be con- 
sidered with reservation. It is quite obvious that it is only permissible 
to draw direct comparisons between senile and young skulls when not 
only the average skull capacity is the same in the two groups of material, 
but the distribution of the capacities within the groups also coincides, 
This requirement is satisfied in the groups of male skulls, but there is a 
definitely irregular distribution for the female groups of skulls. This 
irreguiar distribution is, however, not sufficiently great to exclude the 
possibility of there really being no difference in the size of the carotid 
canal in the senile and young skulls. According to the measurements, 
the young male skulls have wider carotid apertures than the senile male 
skulls of the same capacities. The difference is significant, but the material 
is unable to afford any explanation of this feature. 

The average age of the senile skulls is 73 years for both sexes, and 
but a few are more than 80 years old. It has been demonstrated that 
certain other changes due to age occur later in women than in men, 
but when they become manifest, they develop more rapidly in the 
former so that the final result is attained at an earlier age in women 
than in men. Such an example is the closing of the skull sutures (Tor- 
GERSEN, 1950). The closing of the medio-frontal suture in men begins 
at the age of 20—30 years and in women 5—10 years later; nevertheless 
the closure is completed earlier in women than in men. Another feature 
which illustrates this sex difference is the atrophy of the brain which 
in men commences from about the age of 40, while the onset in women 
is somewhat later (VreEROoRDT 1906). If it is true that the internal carotid 
artery, measured by the size of the carotid canal, gives a true represen- 
tation of the cerebral blood supply as an indication of the weight of the 
brain, this latter may contribute some explanation of the later reduc- 
tion in the size of the canal in women than in men. 

According to MARTIN (1914) the skull capacity decreases very little 
after the age of 60. The thickening of the tabulae which takes place 
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occurs largely at the expense of the diploe, a thickening which proceeds 
concomitantly with the closure of the sutures. In women, however, the 
frequent occurrence of cranial hyperostosis after the age of 50 may 
play an important part. More than 90 per cent of all cases of this con- 
dition are found in this group (ScHinz et al. 1951). The hyperostosis 
may well reduce considerably the skull capacity and reach a thickness 
of 20 mm (Scurnz). This condition thus possibly represents a source 
of error in measurements such as the present ones. A comparison of 
senile and young skulls of the same measured capacity may be mis- 
leading in that the senile skull may actually represent a larger skull 
capacity reduced by internal cranial hyperostosis. This source of error 
cannot be excluded. It is obvious that it will tend in the direction of 
eliminating an eventual reduction of the carotid canal with increasing age. 

No attempt will be made to explain the narrowing of the carotid 
canal in men. Several insufficiently known intervening factors may 
play a part in this process, and the possibility of primary senile altera- 
tions in the bone itself cannot be excluded. 

In any case, the measurements seem to demonstrate that there is 
a certain agreement between, on the one hand, the size of the internal 
carotid artery and the blood supply of the brain, and on the other, the 
skull capacity and the weight of the brain. 


SUMMARY 


Measurements on a skull material demonstrate a sex difference in the size of the 
external carotid aperture which is larger in men than in women with the same skull 
capacity. There is no symmetrical difference. The size of the aperture enlarges with 
increasing skull capacity. In men, the aperture is wider in young than in senile skulls 
of the same capacity. No such difference is found in women but a number of sources 


of error are discussed 


ZUSAMMENFASSUNG 


Messungen an einem Schidelmaterial zeigen eine Geschlechtsdifferenz beziiglich 
der Grésse der Apertura externa canalis carotici: dieser ist bei gleicher Schadelkapazitat 
bei Mannern grésser als bei Frauen. Es liegen keine symmetrischen Verschiedenheiten 
vor. Die Grésse der Apertur nimmt mit steigender Schidelkapazitat zu. Bei Mannern 
ist die Apertur bei gleicher Schaidelkapazitat bei jungen Kranien grdésser als bei senilen. 
Derartige Unterschiede sind bei Frauen nicht gefunden worden: eine Reihe von Fehler- 
quellen jedoch werden diskutiert. 


RESUME 


Des mesures faites sur des cranes montrent qu'il existe une différence liée au sexe 
dans les dimensions du trou carotidien externe (de entrée du canal carotidien) qui, a 
capacité cranienne égale, est plus grand chez l'homme que chez la femme. Il n’y a pas 
de différence suivant le coté. Les dimensions du trou augmentent avec la capacité cra- 
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nienne. Chez les hommes, 4 capacité cranienne égale, le trou est plus large sur les cranes 
de jeunes que sur ceux de gens Agés. On n’a pas trouvé pareille différence chez les femmes 
mais de nombreuses causes d’erreur sont étudi¢ées. 
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FROM THE UNIVERSITY INSTITUTE OF PHYSICS (LUND) AND THE DEPARTMENT OF 
MEDICINE (MALMO), UNIVERSITY OF LUND, SWEDEN 


A PHOTOGRAPHIC METHOD OF DETERMINING THE 
DISTRIBUTION OF RADIOACTIVE MATERIAL IN VIVO 
by 


Sven A. BE. Joha nmssOn and Be ngt Ska nse 


The wide-spread use of radioactive isotopes has prompted the develop- 
ment of new means for their localization. A method for such purposes 
has been developed by one of us (S. J.) and is described in the present 
paper; it has been used in studying the uptake of radioactive iodine by 
thyroid tissue. 

‘One method has been to determine the concentration of the isotope 
at a number of points over the radioactive source. This can, for example, 
be achieved by a Geiger-Miiller tube with a suitable collimator which 
permits the determination of the radiation from a certain area. By 
making such measurements over a number of points one can obtain a 
chart of the distribution of the radioactive isotope within the body 
under investigation. Such a method will necessarily be tedious and time- 
consuming. It will be improved by arrangements for automatic registra- 
tion. Attempts in this direction have been made by CAssEN et al. and 
MAYNEORD et al. Such an apparatus is, however, rather complicated. 

The blackening of photographic plates has also been used for the regis- 
tration of the distribution of radioactive isotopes. The pinhole camera 
method used by CopELAND and BENJAMIN is an example of such an 
approach to the solution of the problem. An improved pinhole camera 
method was recently described by ANGER. The disadvantage of this 
method is the high concentration of the radioactive isotope required for 
the blackening of the photographic plate. ANGER gives the figure of 
1 mU cm*. 

The author has used another method. A lead plate with a large number 
of holes is placed between the photographic plate and the radioactive 
source. A certain point on the photographic plate will be reached by the 
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radiation only from a certain part of the source. Thus, the photographic 
plate will give a picture of the distribution of the radioactive material 
and appears as a rather coarse pattern of dots. In order to obtain high 
resolving power a plate with many small holes is required. 

The sensitivity of the photographic plate is not sufficient in order 
to obtain satisfactory sensitivity of the apparatus. This difficulty was 
overcome by placing a crysti al of thallium-activated sodium iodide in 
front of the photogr: phic pli ite. Thus the gamma radiation was absorbed 
and part of-its energy transformed into light. After the present study 
was completed, the same amplification me ‘thod was described by ANGER. 


Photographic plate 
| Perspex plate 
Crystal plate 
| Lead collimator 
J 


Fig. 1. Diagram of the apparatus. 


Fig. 1 presents a picture of the apparatus. The holes in the lead plate 
have a square cross-section. The distance between the holes is equal to 
the side of the square. The resolution of the apparatus is chiefly deter- 
mined by the size of the holes and can only be increased up to a certain 
limit determined by the intensity of the radiation. The intensity required 
to blacken the plate is approximately inversely proportional to the area 
of the holes. The required thickness of the lead plate is dependent upon 
the energy of the radiation. It is necessary that the lead absorbs most of 
the radiation which does not pass through the holes. Furthermore, the 
area of the holes and the thickness of the lead plate together determine 
the solid angle of the holes. Thus different lead plates have to be used 
dependent upon the energy and the intensity of the radiation and the 
required resolution power. The following dimensions have been found 
suitable for a number of measurements: the sides of the square boles 
3 mm, the thickness of the lead plate 20 mm. 

The sodium iodide crystal is made as a 5 « 80 « 80 mm plate. 
The thickness of the crystal determines the limit for the resolving power. 
This does not play any greater role as the resolving power of the lead 
plates usually does not reach this limit. The crystal plate has a smoothing 
effect on the picture. The small areas do not become sh: arply limited but 
run more or less together. The crystal plate is enclosed in a container 
filled with paraffin oil as protection against the humidity of the air. One 
side of the container consists of a transparent flat piece of perspex on 
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Fig. 2. A picture of a 5 cm dish con- Fig. 3. A picture of a 3 em dish con- 
taining a solution of Au™. 3 mm taining a solution of I**. 1.5 mm col- 
collimating holes. limating holes. 


which a photographic plate of Kodak type 103—a—0 is placed. This 
plate is pressed against the container by a layer of felt. The whole ar- 
rangement is enclosed in a light-tight container. 

Fig. 2 shows an exposure taken of a glass dish containing a solution 
of Au'** which emits a 411 Kev gamma ray. The glass dish had a diameter 
of 5 em. The sides of the holes in the lead plate were 3 mm. The figure 
clearly demonstrates the dotted character of the original picture. In 
spite of this fact the shape of the dish is rather well demonstrated. 

Fig. 3 shows an exposure of a glass dish containing a solution of l™ 
which emits a 364 Kev gamma ray. In this case the diameter of the dish 
was 3 cm. The sides of the holes were decreased to 1.5 mm. The picture 
is no longer dotted but fairly continuous. Reasonably good resolving 
power is obtained with such small holes. 

Thicker lead plates have to be used for isotopes with high energy 
gamma radiation. Otherwise a large part of the radiation passes through 
the lead and produces a diffuse blackening of the photographic plate. 
The picture will then show diminished contrast. However, it is not pos- 
sible to increase the thickness of the lead plate as such a procedure will 
influence the resolution and the necessary radiation intensity. In order 
to study this, a number of experiments were carried out with Cs'? which 
emits a 669 Kev gamma ray. Fig. 4 shows a picture of a square area 
emitting gamma radiation from Cs'’. This demonstrates that the con- 
trast and the resolving power are still satisfactory. Probably the same 
arrangement can be used for still higher energies. 
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Fig. 5. A picture of one lobe of 


Fig. 4. A picture of a source of Cs!’, a thyroid with normal hormone 
3 mm collimating holes. production. Administered dose of 


[31 - 500 wv: exposure time: 
60 minutes. 


The quantity of radioactive material required for a useful image 
depends on a number of factors, for example the size of the holes, the 
energy of the radiation and the distance between the lead plate and the 
radioactive source. A quantity of 10 «C/cm? is required for 3 mm holes 
and an energy of about 500 Kev with the radioactive source close to 
the lead plate. For 1.5 mm holes a quantity of about 50 «C cm? is neces- 
sary. The energy of the radiation affects these values to a rather small 
extent. 

These model experiments have demonstrated that this apparatus 
gives useful pictures for relatively low concentrations of radioactive 
material. 

In order to study the applicability of the apparatus for in vivo meas- 
urements we have carried out a number of experiments to investigate 
the uptake of I in thyroid tissue. 

Following oral administration of [™ the apparatus is placed close to 
the tissue under study. The size of the dose of the isotope administered 
and the time of exposure is varied according to the concentration of the 
isotope in the tissue. Fig. 5 demonstrates a picture of one lobe of a thyroid 
with normal hormone production. The administered dose of I was 
500 «C and the exposure time 60 minutes. 

This new method may become particularly useful for the study of 
the uptake of I'* in metastases from cancer of the thyroid. Fig. 6 a shows 
such a metastasis and Fig. 6 b its roentgen appearances. The patient was 
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Fig. 6. a. Picture of metastasis from 

cancer of the thyroid after 30 mC 

of I'!; exposure time: 60 minutes. 
b. Roentgen appearance of same. 


given 30 me of I, the exposure time being 60 minutes. The blackening 
of the photographic plate gives an index of the concentration of the iso- 
tope. This method can probably be used for quantitative or at least 
semi-quantitative determinations of the concentration of the isotope 
in certain tissues. In that case a small part of the photographic plate is 
calibrated with the collimated radiation from a source of known strength. 
The blackening of the different parts of the photographic plate are then 
compared with a densitometer. 


Grateful acknowledgment is made to Dr. K. Lipén for his great interest in the 
present study. 


SUMMARY 


A description is given of an apparatus which renders it possible to obtain a photo- 
graphic picture of the distribution of a radioactive material. A concentration of 10 «C/em* 
of the isotope is required. The resolving power seems to be satisfactory for many practical 
problems. The apparatus consists of a lead plate with a large number of square holes 
which collimate the radiation, a photographic plate, and a crystal plate which amplifies 
the radiation effect on the photographic plate; it has been successfully used in studying 
the distribution of I™ in thyroid tissue. 
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ZUSAMMENFASSUNG 


Eine Apparatur wird beschrieben, die es erméglicht, ein photographisches Bild der 
Verteilung radioaktiven Materiales zu erhalten. Eine Konzentration von 10 uC/cm? des 
Isotopen ist erforderlich. Das Auflésungsvermégen scheint fiir viele praktische Probleme 
zufriedenstellend zu sein. Die Apparatur besteht aus einer Bleiplatte mit einer grossen 
Anzahl von quadratischen Léchern, welche die Strahlung kollimiert, aus einer photo- 
graphischen Platte sowie einer Kristallplatte, welche den Strahlungseffekt auf die photo- 
graphische Platte verstirkt. Die Apparatur wurde mit Erfolg verwendet, um die Auf- 
nahme von I in Schilddriisengewebe zu studieren. 


RESUME 


Description d'un appareil qui permet d’obtenir une représentation photographique 
de la distribution d’une substance radioactive. La concentration minima de lisotope 
est de 10 microcuries/ec. Le pouvoir de résolution semble satisfaisant pour de nombreux 
problémes pratiques. L’appareil consiste en une plaque de plomb percée de nombreux 
trous carrés qui collimatent le rayonnement, une plaque photographique et un écran 
renforcateur. Avec laide de cet appareil il a été possible de démontrer labsorption diode 
radioactif dans le tissu thyroide. 
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FROM THE CHRISTIE HOSPITAL AND HOLT RADIUM INSTITUTE (DIRECTOR: 
RALSTON PATERSON), MANCHESTER, ENGLAND 


CEREBELLAR MEDULLOBLASTOMA: 
TREATMENT BY IRRADIATION OF THE WHOLE 
CENTRAL NERVOUS SYSTEM 
by 


Edith Paterson and R. F. Farr 


Introduction 


The prognosis in cases of medulloblastoma of the cerebellum has for 
“* ny years been regarded as fairly hopeless. This viewpoint is expressed 
by DARGEON (1948) where he states that “medulloblastomas ... have 
a consistently unfavourable prognosis’. In their excellent book, “Intra- 
cranial tumours of infancy and childhood”, BarLey, BucHANAN and 
Bucy come to the same conclusion. There are, however, a few authen- 
ticated cases reported with a long survival following treatment, cases 
which are almost historical in their rarity (PENFIELD and FEINDEL 1947; 
INGRAHAM, BatLey and BARKER 1948). 

For this reason it may be useful to describe the methods of treatment 
which have been used over the last ten years on proved cases of this 
disease, methods which have yielded over fifty per cent survival at three 
years following treatment. Over this period we have adopted, with 
these encouraging results, the principle of irradiation of the entire brain 
and cord as one undivided volume. This principle stems from the post- 
mortem findings in untreated cases of this disease in which it is almost 
universal to find deposits in the brain and cord which have seeded from 
the primary cerebellar tumour. The actual technique of delivery of 
dosage has evolved with the growth of expe Tie nce. 

Between 1941 and 1950, 27 patients were treated on the above prin- 
ciple. All were soctinn-guowed medulloblastomas. In view of the debat- 
able nature of this tumour and for the sake of consistency we have sub- 
mitted the sections in every case for the opinion of Dr. H. PoLiak of the 
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Neuropathology Department of the Manchester Royal Infirmary, and 
have accepted his opinion as final. Twenty-two of the patients were 
children and their ages were evenly spaced between fourteen months 
and thirteen years. There were twice as many boys as girls. Of the five 
adults, two were men and three women, with an age range between 25 
and 38 years. 

All the patients were referred from Neurosurgical Units as soon as 
possible after surgical exploration. In the majority of cases partial removal 
of the tumour had been effected: in a few cases only a biopsy had been 
taken; in one case the surgeon felt that the local tumour was probably 
removed in its entirety. 


Symptoms 


The duration of symptoms prior to radiotherapy varied in the cases 
of children between one month and twelve months. In the adults symp- 
toms had lasted between 2 months and 36 months. 

Vomiting and headache were the commonest primary symptoms, with 
ataxia following. Muscular weakness and diplopia or squint were com- 
plained of in the majority of cases and, in a few, other cranial nerves were 
involved. Irritability was common. Rarer symptoms were speech de- 
fects and loss of consciousness or fits. Nearly all the patients were found 
to have nystagmus and all of them had papilloedema. 

It is a paradoxical finding that the group of surviving patients has 
shown a slightly longer mean duration of symptoms before reaching 
the neurosurgeon than the group of fatal cases. One interpretation of this 
finding would suggest that the longer duration of symptoms was asso- 
ciated with a less malignant type of tumour. Another equally valid 
explanation would be that those patients with apparently longer histories 
had the more observant parents. 


Method of Treatment 


Following the principle of irradiating the central nervous system in 
its entirety, it is necessary to define the anatomical boundaries within 
which a minimum tumour dose should be given. The whole brain is 
included, care being taken to subtend the base of the brain yet to protect 


as far as possible the anterior half of the eyeball. In the treatment of 


the spinal cord the caudal limit for treatment has been taken at the 
level of the second sacral vertebra where the dural tube ends. The depth 
of the medulla and cord from the skin can be ascertained by lateral 


radiographs of the spine. The distance is measured from the posterior 


margin of the bodies of the vertebrae to the skin surface, which is out- 
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lined in the radiograph with a strip of lead applied to the skin. This 
distance varies with the size and build of the patient and varies at dif- 
ferent levels of the spine. It is generally between 3 and 4 ecm. 


Posterior Treatment Field 


A single spade-shaped posterior roentgen ray field is used, which 
subtends the whole brain and cord. (Fig. 1.) The treatment requires that 


Fig. 2. 


Fig. 1. The spinal treatment field marked out. The 
transverse line across the head is at right- 
angles to the posterior field when the child 
is in the prone position for treatment. 

Fig. 1. Fig. 2. Position of child for treatment. 


the patient lies face downwards on the treatment couch, his head being 
supported beyond the end of the couch and surrounded by a considerable 
thickness of back-scattering material (Fig. 2). Every effort is made to 
arrange the patient so that the back is as far as possible level and hori- 
zontal. This levelling is done by means of bolus bags under the body 
and is repeated exactly for each treatment session. The roentgen ray 
beam is rectangular in section. It must cover a length equal to that 
of the required skin field plus 5 cm at each end, the total length being 
60—70 cm; the width of the beam is related to that of the head at its 
widest and is about 16 cm. To obtain a uniform beam it is necessary 
to employ a large focal skin distance equal at least to twice the length 
of the field at skin level. A 20 em x 5 cm applicator (normally used at 
40 cm focal skin distance) is employed. It may be centred vertically over 
the patient and can then be raised to the appropriate distance. 
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a. b. 


Fig. 3. a. Treatment table. (1) Wood interlined with lead. (2) Adjustable screw legs 

(3) Lead panel which adjusts the width of the treatment field. (4) Lead panel which 

adjusts the length of the treatment field. (5) Slide for (4). 6. Treatment table with child 
in position. 


To obtain a suitably narrow field of 4—6 cm for the cord treatment, 
lead protection is required at each side of the cord. This is most con- 
veniently provided by a specially designed table of suitable length and 
breadth, in which is incorporated protective sheet lead (3 mm thick for 
250 kV radiation). Down the middle of the table is an open slot of vari- 
able length and breadth. This is aligned with the vertebral spines and 
allows irradiation of the cord. The short legs supporting the considerable 
weight are made in the form of screws which allow for adjusting the 
height of the table so that the under surface is in contact with the 
patient's back (Fig. 3). 

The dosage rate at various standard anatomical points is measured 
for each patient in a phantom of “Pressdwood”, shaped to follow the 
contours of that patient, and using the field size and focal skin distance 
already chosen (Fig. 4 & Table 1.) The measurements include the varia- 
tion of dosage rate on the surface, at a depth corresponding to the an- 
terior margin of the cord, and through the head (Fig. 5). Because of 
the relative scattering volumes involved the surface dose over the occiput 
is much larger than along the spine. 

Recently we have found it advantageous to tilt the applicator 20 
degrees from the vertical, towards the head. The centre of the roentgen 
ray beam still passes through the mid-point of the skin field. With this 
modification the dose rate is practically constant along the spinal skin 
and there is correspondingly less variation in the depth doses. Further, 
for a given dose to the spine the surface dose over the occiput is much 
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Fig. 4. The applicator is tilted at an angle of 20 degrees to the vertical 

and the posterior field is applied through a slot in a lead table which 

covers the trunk of the patient. The dose rate is measured at levels a to ¢ 

on the skin, at the depth of the cord and through the head (see Fig. 5 and 
Table 1). 


Table 1. 
l t \ B ( D } 
Skin 98— 100 90—95 100 100 QQ 
Relative 
Dose Depth — 3 cm. 83 RD 83 81 
Rate see Fig. D 
Depth $ cm. 74 76 73 70 


reduced. This has certain advantages in 100 
planning the irradiation of the brain. 
The daily treatment for a given total 
dose and overall time is calculated on ° 
the basis of these figures and is derived 
from the minimum spinal dose rate 50 
measured. 


Spinal Doses 


Total ‘minimum tumour” doses which 
have been prescribed have been 3,000 r 1 ’ 
spread over three weeks and 3,500r ioc cm 20 
spread over five weeks. The correspond- Fig. 5. Variation of dose-rate along 
ing doses for spinal skin are 20 % to ® vertical line at a in Fig. 4, through 
30 %/ Lisher hut would vary from level the head (surrounded by bolus). 

=) ; » F. S. D. 130 em: H. V. L. = 1 
to level depending on the thickness of mm Cu. 
overlying tissue. 

This treatment field can be set up almost immediately on admission 
and treatment started with a low daily dose for the first few days. 


Bolus d e 
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Supplementary Head Field (or Fields) 


Supplementary radiation is required to raise the dose to the minimum 
figure throughout the head. The posterior field must be opposed by a field 
or fields so directed that the whole brain is subtended yet the orbital 
contents, especially the front of the eye, are spared as far as possible. 

In some cases we have used the simple arrangement of one anterior 
field on the forehead sufficient in area to subtend the head (e. q. 20 
em < 15 em) and directed so that the lower border includes the base 
of the brain. A light plaster helmet is made and the best seating for the 
applicator determined radiographically. The posterior and anterior fields 
should be as nearly parallel as possible subject to conforming to the 
principle of including the base of the brain and avoiding the orbit. Even 
so, an angle of 10 to 20 degrees between the fields is unavoidable. In order 
to find the relative direction of the two fields for dosage estimation 
it is useful to draw a vertical line down the side of the head while the 
patient is in position for the posterior treatment; this can later be trans- 
ferred to the helmet. 


Fig. 6. Fig. 7. 


Fig. 6. Sagittal section of head showing typical isodose curves produced when the 
posterior field is opposed by a single anterior field (20 x 15cm; F.S. D. 
10cm; H. V. L. = 1.5 mm Cu), equal doses being given on each. The space 
between the two fields is filled with bolus. 

Fig. 7. a. Horizontal section of head showing typical isodose curves produced when the 
posterior field is opposed by two angled anterior fields (15 15 em; F.S. D 
10em; H.V.L. 1.5 mm Cu). The angle between these fields is about 90 


degrees. The dose given by each of the anterior fields is about 60 per cent of 


that given by the posterior field. The space between the fields is filled with 
bolus. 6. Isodose curves produced by the combined anterior fields alone. 
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In the irradiation of the brain the dose delivered by the posterior 
field is fixed at a fairly high level by the dose delivered to the cord. 
When a single anterior field is balanced against the posterior field the 
dose in the posterior fossa and overlying skin is inevitably found to be 
too high. It 1s therefore necessary to reduce this appropriately by shield- 
ing, during a part of the time of the posterior treatment, that part 
of the posterior field which is also subtended by the anterior field. 
Fig. 6 shows illustrative isodose curves in which equal doses are given 
on both fields. 

An alternative arrangement, resulting in better homogeneity of dose 
throughout the brain, balances the posterior field with a pair of angled 
anterior fields. The combined dose gradient of the latter is more nearly 
equal to that of the former with its long focal skin distance. 

In Fig. 7 both of these anterior fields include the whole length of 
the brain. Their combined isodose curves are quite flat (b), and in com- 
bination with the posterior field the isodose curves of a result. In this 
typical example the angle between the anterior fields (15 cm x 15 cm) 
is about 90 degrees and the dose given on each is about 60 per cent. of 
that given by the posterior field to the occiput. These figures will vary a 
little from case to case. It is necessary to shield the head from the posterior 
field for a greater proportion of the time than when a single anterior 
field is used. 

As an alternative the two anterior fields may be angled to avoid as 
far as possible the back of the head, which does not then have to be 
shielded for so great a proportion of the time. However, the risk of 
a geometric miss of part of the tumour is increased. 

With the methods we have used, some inhomogeneity in dose distri- 
bution has been present. The dose in and around the cerebellar tumour 
has always been considerably higher than the minimum tumour dose 
prescribed and a study of the cases leads to the conclusion that this higher 
cerebellar dose may be an advantage. The skin dose over the occiput 
should, however, not exceed 5,000 r in five weeks or permanent changes 
in skin and hair are likely. 


Optimum Doses 


Two minimum dosage levels with appropriate time factors have been 
prescribed. For most of the patients this has been 3,500 r over five 
weeks; for some it has been 3,000 r over three weeks. In this discussion 
the doses for a three weeks’ treatment and those for a five weeks’ treat- 
ment were converted to the latter time factor so that they might be 
used interchangeably and so enable us to correlate the dose given to 
each of the patients with the clinical results. The dose given in three 

23—-530088. Acta Radiologica. Vol. 39. 


_ 


330 EDITH PATERSON AND R. F. FARR 


Fig. 8. Diagram of radiograph of boy of five years, 
The intersection of the lines BB and C gives the 
position of the 4th ventricle. Line C drawn to- 
wards the midpoint between the odontoid and the 
arch of atlas gives the direction of the 4th ven- 
tricle. Line A represents the level at which mini- 
mum cerebellar doses are calculated. 


weeks has been multipled by a factor of 1.25 to obtain an equivalent 
dose for five weeks. The figure 1.25 was estimated on the relative skin 
reactions with the two time factors. 

Individual variations have been present in the doses delivered and 
in the degree of homogeneity achieved in the brain and cord. An attempt 
has been made to re-assess with greater exactness the doses received 
in 22 of the cases for which enough data were still available. In the re- 
assessment a level had to be chosen to represent the anterior limits 
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of the cerebellar tumour, for comparing cerebellar and spinal tumour 
doses. It has been assumed that the tumour extends anteriorly slightly 
further forward than the normal position of the floor of the 4th ventricle. 
The level chosen, therefore, was 1 cm anterior to the floor of the 4th 
ventricle, determined by the method described by Twrntne (1939) and 
shown in Fig. 8. This line is on the average 8 cm deep to the posterior 
field and lies in a region of relatively low dose. The cerebellar tumour 
doses have been calculated at this level, but it must be remembered 
that a zone of higher dose lies posterior to the 4th ventricle in the main 
tumour mass; this higher dose may well be an important factor in treat- 
ment. 

The actual doses calculated at this level are correlated with the 
results of treatment and shown in Fig. 9. This shows that a dose of 3,500 
r in five weeks produces reasonably good results but that a dose rather 
higher than this is more successful. We suggest that 4,000 r should be 
aimed at. 

A similar correlation has been done with the minimum doses received 
in the cord (Fig. 10). The desirable figure is seen to be at least 3,500 r. 


Manageme nt 


Patients over the age of three have been collaborative, lying quietly 
in the unusual posture that the treatment demands; this frame of mind 
can be attributed to the sympathetic handling by the radiographic staff. 
Sedation is usually required in younger patients or in children of any 
age who are mentally disorientated or are having convulsions. It may 
be found useful in an unconscious child to support him on his side, with 
the lead-lined table similarly arranged, and to treat with the roentgen 
ray tube at right-angles to the usual position. Very young or very ill 
children are better treated with an overall time of three weeks than of 
five weeks. In such cases a minimum tumour dose of 3,000 r should 
be achieved. 

The full daily quota of irradiation should not be given on the first 
two or three days of treatment. If, however, the posterior field alone 
is used at the beginning pending the preparation of the anterior field, 
it is safe to start with the full quota. This precaution is probably of 
value on two counts. Sudden post-irradiation swelling of the tissues 
round the iter will aggravate the symptoms of increased intracranial 
pressure, and secondary haemorrhage into the cerebellum may occur due 
to a too-rapid loss of support of the blood vessels supplying the tumour. 
This occurred in one case. 

With the spinal doses used the degree of erythema is not severe 
(Fig. 11). Where a moist erythema has appeared it has generally been 
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traced to other factors the child scratching, 
the wearing of woollen clothing or the pressure 
of suspenders or shirt collar. The repeated ap- 
plication of an aqueous solution of gentian violet 
(1 °%,) to moist areas is of value. 


Surgical Collaboration 


It is important that cases of medulloblastoma 
should be referred first to the neurosurgeon and 
an exploration carried out. The case should be 
regarded as an emergency and referred as soon 
as possible for radiotherapy. Prompt decompres- 
sion is a gain to the patient as also is the definite 
biopsy report, which saves a futile stay in hospi- 
tal if histology reveals, not medulloblastoma, but 
an untreatable type of tumour. We feel that de- 
compression has a further value since it may 
Fig. 11. Erythema of avert the development of an acute hydrocephalus 
treatment field and epi- during the first week or two of radiation treat- 
lation of head 4 weeks ment. During this period the head circumference 

from the beginning of — is found to increase in young children: in older 
treatment. . 
children where separation of the sutures occurs 
less readily the decompression may help to pre- 
vent symptoms of increased intracranial pressure. 

In this series of cases five patients who showed signs of recurrence 
in the cerebellum were referred back to the neurosurgeon for an opinion 
as to whether the symptoms were due to recurrence of the tumour or 
were due to a late irradiation effect. In each case the neurosurgeon con- 
cerned explored the posterior fossa and found a massive recurrence. 
This information has been of value to us in considering optimum dose 
levels. 


Results of Treatment 


There are two criteria of the success of treatment of medulloblast- 
oma, the survival rate and the physical condition of the survivors. The 
survival rates are given below. 

fesults at 3 years 
Number Treated Number Alive °, Alive 


Children and Adults .................... ieee 17 ll 65 
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The number of patients available for a five-year result is still small. 
However, a total of seven (six children and one adult) is available. Of 
this number five are alive, the longest survival time being over ten years. 
Two of the surviving patients in the above table were cases successfully 
retreated for recurrence. 


Physical Condition of Patients observed for 3 years or more after treatment 


In general the physical condition of both children and adults is good. 
Of the eleven cases surviving for three years or longer severe optic 
atrophy with blindness has occurred in one. In several others the discs 
are pale, but there does not appear to be any interference with useful 
vision. All of these patients had varying degrees of papilloedema, some 
with haemorrhages, on admission. 

The mental development of the younger patients has been judged 
by school records. On this rough assessment the children would appear 
to be about average. One exception, a child who is severely retarded 
(I. Q. = 63) was the only patient who had had convulsions on admission 
and remained mentally disorientated during her entire stay in hospital. 

Slight nystagmus may persist for some years. Ataxia has disappeared 
completely in the children but persists slightly in two adults. 


Radiation Sequelae 


Some interference with growth due to radiation effects on spinal epi- 
physes may well have occurred to an extent which is not noticeable. 
Two boys treated seven and nine years previously show definite shortening 
of the sitting height. One of these patient was a retreated case. 

Residual changes over the treated skin are not detectable in some 
patients; in others faint pigmentation or telangiectasia is present. In 
all cases complete epilation of the hair has followed treatment, restora- 
tion beginning a few months thereafter. In most cases treated over 
five weeks this has been complete; with the three weeks’ treatment 
several cases have had persistent epilation, partial or total. 

The radiation effects on the blood are slight and do not persist. A 
moderate leukopenia may occur during treatment. 

It has not been possible to ascertain whether sterility occurs after 
treatment in females. Suggestive evidence pointing to an effect on the 
gonads was a temporary amenorrhoea of two years’ duration in one 
patient aged 31 and the early onset of the menopause in another patient 
aged 

No effects would be expected on the male gonads. 
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Causes of Failure 


In the following brief analysis of the causes of death in our patients 
we have included not only those non-survivors in the three- year and 
five-year table of results but also those who have died in the ad litional 
group of patients who have been treated more recently. 

Early Deaths. Two patients died during the course of treatment. At 
autopsy one of them showed a cerebellar haemorrhage; 


in the other 
widespread infection of the brain was present. 


Deaths after Completion of Treatment. Twelve patients have died 
after the completion of treatment. Their survival times ranged from 6 
months to 61 months, with an average survival time of 25 months. 

Recurrence in Cerebellum and Cord. In nine of the patients recurrence 
in the cerebellum was proved either by exploration or at post-mortem 
or was presumed on the symptomatology. Some of these cases were re- 
treated palliatively with roentgen rays locally applied to the cerebellar 
region; improvement occurred but was not maintained. It is probable 
that the disease was w idespread since on post-mortem on three of these 
cases widespread deposits of tumour were found in the brain and cord. 


Remote Metastases 


Three patients developed distant metastases, chiefly in bone 
these cases was found at post-mortem to have also a recurrence in the 
cerebellum and cord. 

The bone lesions were osteolytic, multiple, and grew rapidly. In- 
vasion of lymph nodes and soft tissues also occurred. In one patient 
the presenting symptom was severe anaemia, and in his case the typical 
osseous lesions were found in most of the long bones, skull and _ pelvis. 

These lesions yield readily to irradiation, but in our cases the disse- 
mination was so wide that it was impossible to keep pace with them. 


Discussion 


In presenting this material on the treatment of medulloblastoma 
cerebelli, one is confronted first with the difficulty of grouping cases 
under this diagnosis. Departures from the classical histological picture 
are common and in any case the histoge nesis of medulloblastoma is un- 
certain. A clinical diagnosis on symptoms is, however, still more falla- 
cious, since the symptoms depend only on a space-occupying lesion of 
the cerebellum. Even when spinal symptoms are present the lesion 
could be ependymoblastoma, or sarcoma of other origin. With this 
difficulty in mind it has been felt advisable to limit analysis to cases 
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which, in the opinion of one experienced neurohistologist, have fallen 
into the medulloblastoma group. 

The principle of treating the entire central nervous system follows 
the known mode of extension of the disease; the practice of doing so 
is capable of improvement based on more detailed measurements on 
models in the laboratory. For example the choice of anterior head 
fields to supplement the posterior field should ultimately be made in 
the light of measurements inside a skull, since the absorption in bone 
is criticai at the level of the base of the brain. The dose distribution in 
the posterior field, too, needs further investigation. Although fairly 
homogeneous as far as measurements in a phantom are concerned, the 
beam irradiates a considerable and variable thickness of vertebral spines 
and transverse processes. It might be supposed that a kilovoltage higher 
than 250 would be advantageous from this point of view, although the 
use of a more penetrating beam would necessitate protection to the 
trunk by a far greater thickness of lead. 

Investigations are at present in progress to explore the above possi- 
bilities. 

The follow-up of cases of medulloblastoma is important since re- 
currence may occur after several years’ freedom from symptoms. 


SUMMARY 


{ method of treating medulloblastoma of the cerebellum with deep roentgen rays 
is described. The results of this treatment in 17 section-proved cases show a survival 
rate at 3 years of over 60 percent; 5 out of the 7 possible cases have survived over 5 years. 


ZUSAMMENFASSUNG 


Eine Behandlungsmethode fiir Medulloblastome des Kleinhirns mit Réntgen-Tiefen- 
bestrahlung wird beschrieben. Die Behandlungsresultate in 17 obduzierten Fallen zeigen 
eine Uberlebensdauer von 3 Jahren in mehr als 60°. 5 von 7 méglichen Fallen lebten 
mehr als 5 Jahre. 


RESUME 


Description d'une méthode de traitement des médulloblastomes du cervelet par 
roentgenthérapie pénétrante. Sur 17 cas vérifiés par autopsie ce traitement a donné une 
survie de trois ans dans plus de 60 pour cent; 5 des 7 cas possibles ont survécu plus de 


J ans. 
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FROM THE RADIUM CENTRE FOR JUTLAND AND THE ROENTGEN DEPARTMENT (DIRECTOR: 
PROFESSOR CARL KREBS), MUNICIPAL HOSPITAL, AARHUS, DENMARK 


ATTEMPTS AT REDUCING THE TOXIC SIDE-EFFECTS 
OF NITROGEN MUSTARD 
by 


Kai Nielsen 


The hazards involved in the therapeutic use of methyl-bis(beta- 
chloroethyl)amine (HN2, chlorethasinum) and allied substances are due 
to their toxic effects. Their therapeutic possibilities are limited by the 
fact that doses, fully effective against the pathologic processes concerned, 
viz. tumors and systemic disorders, will also have a deleterious effect on 
normal tissues, notably the bone marrow and intestinal mucosa. Animals 
which die after lethal doses of HN2 do so with severe damage to the bone 
marrow manifested by severe blood changes, i. e. leukopenia, anemia 
and thrombopenia (2). 

In view of these observations, various methods have been tested to 
avoid this destruction of the normal tissues of the organism; the drug 
has been concentrated in the tumor-bearing region, e. g. by injecting it 
into the artery supplying the tumor area (1, 4, 5), where this has been 
practicable. This method gives a much higher concentration in the tumor 
tissue than in the rest of the organism, because the drug very rapidly 
disintegrates or is absorbed in the tissues and thus disappears from the 
blood stream. 

Due to this disappearance of the chemotherapeutic agent it is also 
possible to obtain a somewhat higher concentration in the pulmonary 
than in the systemic circulation by the usual intravenous injection of 
HN2; this has been utilized therapeutically in malignant lung diseases, 
such as inoperable bronchiogenic carcinoma or lung metastases (6). 


Aided by grants to Dr. J. Bicuet from the Lady Tata Memorial Trust, the Anders 
Hasselbalch Anti-Leukemia Foundation and C. P. Schepler and Wife’s Bequest, the 
Irma Foundation. 

Read before the 18th Congress of the Northern Association of Medical Radiology 
in Helsinki, June 10—12, 1952; submitted for publication, December 11, 1952. 
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Acting on the assumption that it is especially the aplasia of the bone 
marrow occurring after administration of large doses of HN2 that causes 
damage to the organism, and on the knowledge of the rapid disappearance 
of the drug from the blood stream, e xpe rimental attempts have been made 
to reduce the toxic effect by protecting the marrow through a te mporary 
interruption of the blood supply to a portion of the bone marrow during, 
and for periods of varying length after, the HN2 injection (3). 

If damage to the bone marrow was the essential factor in fatal nitro- 
gen mustard poisoning, it might be expected that by protecting some of 
the bone marrow it would be possible to administer larger doses before 
a serious intoxication occurred. This would be equivalent to a reduction 
of the toxicity. It is conceivable, firstly, that the protected portion of 
the bone marrow would be able to take over the function, so that blood 
changes could be completely avoided and, secondly, that the damaged 
bone marrow would be able to regenerate from the protected portion, s 
that only moderate and transitory blood changes would occur; finally, 
it might be expected that animals which showed effective protection of 
the bone marrow would do better than the rest. 


Personal Investigations 


By way of orientation, some experiments were carried out on rabbits 
which were given intravenous injections of lethal or sublethal doses of 
HN2; at the same time, the blood supply to some portion of the bone 
marrow was interrupted by application of tourniquets to one or two 
extremities or by occlusion of the abdominal aorta during, and for 5 to 


60 minutes after, the injection. The effectiveness of the interruption of 


the circulation was evidenced by the abolition of peripheral pulsation and 
by a perceptible fall of the skin temperature which occurred after occlu- 
sion for a few minutes. 

The condition of the animals was then followed by red and white cell 
counts and by differential counts of the blood and bone marrow. 

Table 1 shows the results of experiments in which the circulation 
in one hindleg of the rabbits was interrupted during, and for 5 to 60 
minutes after, the intravenous injection of HN2 (Erasol IDQ) in doses 
varying from 1.5 to 3.5 mg per kg of body weight, and the corresponding 
values in control animals without interruption of the circulation. The 
occlusion was accomplished by means of a narrow Esmarch bandage 
placed as far proximally on the extremity as possible and was, practically 
without exception, effective and stable in spite of considerable unrest 
in the animals. 

The erythrocyte counts are not reported because they did not show 
definite changes in any of the animals. 
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Table 1 
. Lowest Lowest Duration of 
HN2, Marrow 
leukocyte polynuclear occlusion, Remarks 
kg protection 
count count in minutes 
Animals with protected bone marrow 
3.5 1 360 20 % 60 } Died on 9th day, normal 
blood values 
2.5 560 50 % 60 ? Died on 5th day, increasing 
blood values 
1.5 1 000 0% 15 { Survived, weight loss 5% 
2.0 1 600 20 % 15 ? Survived, no weight loss 
3.0 960 1% 10 ? Survived, weight loss 5% 
20 1 600 53 % 10 + Survived, weight loss 5 % 
0 3 200 44% 5 “7 Survived, weight loss 10 % 
3.0 3 160 62 % 5 : Survived, weight loss 5 % 
Control animals 
1.5 1 200 0% 0 Aplasia Survived 
1.5 280) 26 % 0 Aplasia Survived 
2.0 1 480 2% 0 Aplasia Survived 
2.0 280) 6 % 0 Aplasia Died on 5th day in severe 


leukopenia 


It is seen that the fall in the leukocyte counts, notably in polynuclear 
leukocytes, was slighter in the animals with occluded circulation than 
in the controls. 

In one half of the animals an unquestionable protection of the marrow 
was disclosed by differential counts of the bone marrow and, particularly, 
by a comparison of samples obtained by simultaneous puncture of, and 
aspiration from, the marrow cavities of both tibiae, which were always 
carried out in these animals. On the other hand, severe aplasia of the 
marrow was invariably present in the control animals. 

It is also seen that the blood changes seem to be uninfluenced by the 
size of the dose and the duration of occlusion. Thus, there was good pro- 
tection of the marrow with almost unchanged blood values after occlusion 
for only 5 minutes after a very considerable dose of 3 mg/kg. Finally, the 
table shows that the two animals which died, did so in spite of increasing 
blood values; one of them, which had also good protection of the bone 
marrow, died in spite of normal blood values. As might be expected, the 
control animal which died showed severe leukopenia. 

The clinical picture and the weight loss were uniform in the two 
groups. All the animals were severely affected, showing apathy, tremors 
and anorexia but no signs of diarrhea or bleeding. This ¢ condition occurred 
in the course of, at the most, 24 hours and persisted in the surviving 
animals for 3 to 5 days before it began to abate. 
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To obtain conditions which more closely correspond to those of human 
therapy, two rabbits were given a fractionated dosage, 0.25 mg/kg daily, 
after occlusion which was maintained for 20 minutes after each injection, 
One of these animals died in three days, 2. e. after a moderate total dose. 
while the other survived 11 injections, 7. e. a total dose of about 3 mg/kg: 
neither the bone marrow studies nor the blood counts showed any defi- 
nite protection of the bone marrow as compared with two control animals 
without occlusion, which also survived a total dose of about 3 mg/kg. 


Table 2 


Occlusion of the abdominal aorta 


. owe Lowest Duration of 
HN2, of Marrow 
leukocyte polynuclear occlusion, Remarks 
6/*5 count count in minutes I 
2.0 2 040 65 % 15 : Died on 7th day, weight 
loss 20 % 
2.0 2 240 68 % 15 } Died on 5th day, weight 
loss 40 % 
2.0 4000 39 % 15 + Only transitory weakness 
1.7 4 700 21% 5 ? Survived, weight loss & % 
1.7 ? ? ) ? Died during first 24 hours 


Table 2 shows the results obtained in experiments in which the ab- 
dominal aorta was occluded immediately above its bifurcation in five 
rabbits during, and from 5 to 15 minutes after, an HN2 injection varying 
from 1.7 to 2.0 mg kg. The occlusion was effected by laparotomy under 
allypropymal anesthesia. Here also, only slight blood changes and good 
protection of the bone marrow were revealed, but in spite of this, three 
of the five animals died with signs of severe intoxication. 

It has been reported that a protection similar to that obtained by 
occlusion of the aorta may be obtained by placing the cuff of a sphygmo- 
manometer around the abdomen of rabbits. This was attempted in three 
animals in which the cuff was allowed to remain in place for 15 minutes 
after the HN2 injection. 

All three animals died; two of them during the first 24 hours and the 
third after the lapse of three days. In the last animal paralysis of the 
hind part of the body developed at once and persisted unchanged. Autopsy 
showed vesical paralysis. Thus, distinct signs of a transverse lesion of 
the spinal cord were present, undoubtedly due to ischemia and anoxia 
which had developed during the comparatively short interruption of the 
circulation. 

Experiments show that shielding of the splenic region may diminish 
the blood changes which occur after total body irradiation, and in view 
of the radiomimetic effect of the nitrogen mustards, attempts were also 
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made to protect the spleen in three rabbits by occlusion of the afferent 
vessels during, and for 15 minutes after, the HN2 injection. Only a nega- 
tive result was obtained and the animals died in the course of 1—4 days 
with markedly decreasing leukocyte counts. 


Table 3 


Lowest Lowest Duration of 
Marrow 
leukocyte polynuclear occlusion, Remarks 
o ke protection 
mg/*é count count in minutes I 
3.0 2OOU 78 % 5 ? Had survived 1.5, 3.0 and 
3.0 mg/kg; died on 4th 
day 
3.0 720 0% 0 0 Had survived 2.0 and 3.0 
mg kg; survived 3rd in- 
jection 


It might be conceived that a certain resistance might develop in ani- 
mals which have survived repeated large doses of nitrogen mustard. 
Table 3 shows the figures for two rabbits which had survived very con- 
siderable doses and then received an injection of 3 mg kg. The first animal, 
which had survived three large doses, and in which the injection was 
given under compression of one of the hindi died in spite of an appar- 
ently considerable protection of the bone marrow. The second animal, 
which had survived two large doses, and which was given a renewed 
injection without compression, survived in spite of severe blood changes. 
This experiment seems to indicate that increased resistance to HN2 
does not develop after repeated large doses. 


Conclusion 


The survival after lethal or sublethal doses of HN2 seems to be inde- 
pendent of the preservation of normal or fairly normal blood values, and 
the mortality from nitrogen mustard intoxication does not seem to be 
lower in animals with occluded circulation than in the control animals. 
Moreover, since the picture of severe intoxication may develop and lead 
to death in spite of an increase in the blood counts, sometimes even to 
normal values, one is tempted to believe, although the present study 
covers only comparatively few experiments, that the toxic effect of 
nitrogen mustard and allied substances must also be due to an essential 
action of the substances other than the production of aplasia of the bone 
marrow and the resultant blood changes. 

Neither does the effect on the intestinal mucosa seem to offer an 
adequate explanation for the fatal intoxications seen in the present mate- 
rial, since there were no apparent signs of intestinal disorder in the 
intoxicated animals and the autopsy did not reveal severe intestinal 
changes in any of the dead animals. 
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SUMMARY 


In experiments in rabbits, attempts were made to reduce the toxic side-effects of 
methyl-bis(beta-chloroethyl)amine by protecting the bone marrow in a certain region 
by interruption of the blood supply of the region during, and for periods of varying 
length after, the injection. As has also been demonstrated by other investigators, even 
a short interruption of the blood supply can effectively protect the bone marrow against 
the action of nitrogen mustard. This may, in certain cases, operate to keep the blood 
counts on normal or almost normal values even after lethal doses although the toxicity 
of nitrogen mustard does not seem to be reduced by the procedure. 


ZUSAMMENFASSUNG 

In Rattenversuchen wurde angestrebt, die toxischen Nebenwirkungen von Methyl- 
bis(Betachloraethyl)amin durch Abdeckung des Knochenmarks in einer bestimmten 
Region heraubzusetzen. Dies geschah dadurch, dass die Blutzufuhr zu dieser Region 
wihrend der Injektion und in Zeitriumen verschiedener Dauer nach der Injektion unter- 
brochen wurde. Wie ebenfalls von anderen Forschern gezeigt worden ist, kann auch 
eine kurze Unterbrechung der Blutzufuhr zum Knochenmark effektiv gegen die Ein- 
wirkung des Stickstofflostes schiitzen. Damit kénnen in gewissen Fallen die Blutbefunde 
auf normaler oder nahezu normaler Hohe gehalten werden, auch nach letaler Dosis 
und obwohl die Toxizitét des Stickstofflostes durch diese Prozedur nicht verringert 
zu sein scheint. 

RESUME 

Au cours d'une expérimentation sur des lapins on a essayé de réduire les effets secon- 
daires toxiques de la méthyl-bis(béta-chloroéthyl)amine en protégeant la moelle osseuse 
dans une certaine région par l’interruption de l'apport sanguin de cette région pendant 
injection et pendant une période de durée variable aprés celle-ci. 

Ainsi que d’autres chercheurs l'ont montré, une courte interruption de lapport 
sanguin peut suffire a protéger efficacement la moelle osseuse contre l'action de la moutar- 
de azotée. Ceci peut, dans certains cas, servir 4 maintenir le nombre des globules a des 
valeurs normales ou presque normales, méme aprés des doses mortelles, bien que la toxicité 
de la moutarde azotée ne semble pas diminuée par ce procédé. 
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FROM RADIUMHEMMET (DIRECTOR: PROFFSSOR H. AHLBOM 7), STOCKHOLM, SWEDEN 


LOCAL ENZYMATIC TREATMENT OF RADIATION 
NECROSES OF THE SKIN 
by 


Sven H ultberg 


It has been known for some twenty years that in broth cultures of 
hemolytic streptococci a number of different enzymes are produced, 
viz. streptolysine, hyaluronidase, ribonuclease, proteinase, streptokinase, 
streptodornase and others. All these enzymes seem to possess a similar 
function, each one being concerned with the degradation of very large 
molecules. 

In 1933, TrLLETT and GARNER stated that a factor present in broth 
cultures of hemolytic streptococci was capable of causing rapid lysis in 
the fibrin clots of normal human blood. At first, this lytic principle was 
named fibrinolysin but later — its mode of action becoming apparent 
CHRISTENSEN designated it streptokinase. In the course of studies on 
this lytic substance to ascertain any possible therapeutic applicability, 
crude concentrates of streptokinase were observed to cause a liquefaction 
of also purulent exudates. Consequently, it was obvious that other 
enzymes must be present. SHERRY and co-workers demonstrated that an 
enzyme, which they called streptodornase, was produced by certain 
hemolytic streptococci and that this substance hydrolysed desoxyribo- 
nucleoprotein and desoxyribonucleic acid, these nucleoproteins being 
responsible for the viscosity of purulent exudates. Streptodornase does 
not attack the nuclei or the nucleoprotein of living cells. 

TILLETT, SHERRY and their many associates showed that strepto- 
kinase and streptodornase (herein referred to as SK and SD, respectively) 
may be used successfully as “adjuncts to surgical or other treatment of 
certain acute and chronic infections and other instances of disease in 
which clotting of blood or its elements creates a therapeutic problem”. 
Equally encouraging preliminary clinical trials have been performed in 
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cases of uninfected and infected hemothorax, hemopericarditis, empyema, 
hematoma and in chronic suppuration of various kinds (SHERRY, TILLET? 
and Reap; MILLER et al.; Evans; Bropkiy; Wricur et al.; Mc Vay and 
SPRUNT). 

Having noted the good results obtained from treating patients suffer- 
ing from diabetic gangrene and decubitus and other slow-healing chronic 
ulcers with SK and SD, I considered it worth while to try these enzymes 
also in the treatment of necrotic radiation ulcers. No reports of similar 
tests had come to my notice. 

The mixtures of the compounds SK and SD were provided by the 
“Lederle Laboratories Division of the American Cyanamid Company”, 
under the trade-mark of Varidase, and the author expresses his appreci- 
ation of the kindness of Chemical Interest Ltd, the Swedish representa- 
tive of Lederle and Co., in supplying an amount of the preparations 
required for the investigation. 


Description of the Preparation Varidase 


In desiccated form, Varidase contains, as a minimum, 100,000 units 
of SK and 25,000 units of SD per vial, the substances being elaborated 
by Group C hemolytic streptococci. Small amounts of other enzymes may 
be present but do not appear to cause any complications. 

Since SK functions best at a pH of about 7.5, a buffer is now included 
with the enzymes in the vial. In desiccated form, Varidase is stable for 
several months, while in solution the enzymes rapidly become inactive. 
Heat has the same destructive effect. It is important that the ampullae 
be stored at a temperature of between 4 and 4. 


Treatment Technique 


A solution for use was prepared by dissolving the contents of one vial 
in 10—20 ce of sterile isotonic sodium chloride, according to the con- 
centration desired. The desiccated material is readily soluble, but the 
diluent should be added carefully down the side of the ampul and 
violent shaking be avoided, otherwise the labile enzymes tend to deterio- 
rate. When prepared, the solution should be used immediately, for the 
enzymes become inactive in a few hours at room temperature. When 
only small amounts of the solution are required, the rest should invari- 
ably be stored in a refrigerator. A fresh solution must be prepared at 
least every 24 hours. 

In our treatment of necrotic radiation ulcers, we started, as a rule, 


with a rather concentrated solution of Varidase, using only 10 cc of 


isotonic sodium chloride as a solvent of the desiccated substance in the 
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vial. After two or three days, a more dilute solution with 20 instead 
of 10 ce of the diluent was used. 

Sterile cotton gauze, soaked in the Varidase solution, was applied to 
the wound, covered with thin sheets of cellophane or plastic and sealed 
to the skin with adhesive plaster; this kept the dressing in place and 
prevented too rapid evaporation. The gauze was changed 3—4 times a 
day, and the treatment was continued from 3—4 days up to a week. 
Dressings with bland or antiseptic ointments were then put on and, if 
necessary, Varidase was applied again for periods of one or two days. 

Supplementary antibiotic therapy proved of great value in some 
patients, who were given penicillin or aureomycin, orally as well as 
locally, for a few days. 

In two cases in which the necrotic ulcers were largely covered by 
fibrous tissue, the effect of the Varidase treatment was at first rather 
poor, but when the scraps were removed mechanically, the Varidase 
produced a prompt result and the ulcers were rapidly cleansed (See figs. 
3 c—d). 


Clinical Material and Case Reports 


Since the Ist of November, 1951, fifteen patients with necrotic radia- 
tion ulcers have been treated at Radiumhemmet. In most of the cases the 
irradiation therapy had been administered 10—20 years previously, 
and the injuries had been present from some months up to several years. 
The size of the wounds varied from 1 to 10 cm in diameter. 

The effect of the Varidase treatment in the cases was about the 
same, with a very rapid cleansing of the necrotic area. The wet sloughing 
tissues often dried up in one or two days, and it was remarkable how 
the pain seemed to disappear almost as soon as the dressing Was applied. 
Fresh granulation tissue soon appeared and healing started. 


Case 1. R. G. (No. 3225/40), female, aged 51, was treated in 1938 with heavy 
doses of roentgen and radium for a periosteal fibrosarcoma of the left tibia. A biopsy was 
taken and Ra-needles placed in the operation cavity. The wound did not heal until 
1942. In February 1949, a necrotic ulcer, measuring 15 x 15 mm appeared in the treated 
area. In September of the same year, it measured 35 x 65 mm (Fig. 1 a). During the 
vears 1949-—1951 the size varied a little, but was never less than 25 « 50 mm (Fig. 1b), 
although various forms of local treatment were tried. In October 1951, the ulcer had 
rapidly increased in size (Fig. 1c). The patient was admitted in October and amputation 
arranged when, on the lst of November, local applications of Varidase were started. The 
pain from which the patient had suffered for a long time disappeared and only a week 
later, the necrotic ulcer was clean but for a rather small area, about the size of a hazel 
nut, where the underlying periosteum was bare (Fig. 1 d). During the next two months 
the distal half of the ulcer healed, but the proximal half showed little change. In the 
beginning of February 1952 (Fig. 1 e), B-hemolytic streptococci and staphylococci aurei 
were found in the wound. Accordingly, aureomycin therapy — oral and local — was 

24—530088. Acta Radiologica. Vol. 39. 
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a. Sept. 1949 b. Jan. 1951 ec. Oct. 30th 1951 d. Nov. 27th, 1951 


e. Feb. 2nd, 1952 f. Feb. 14th, 1952 g. August 16th, 1952 h. Oct. 4th, 1952 


Fig. 1 a—h. (Case 1). Necrotic radiation ulcer, left tibia. Heavy irradiation in 1938 

to a periosteal fibrosarcoma. a—c. Before treatment with Varidase. d—e. After local 

Varidase treatment. f. After 10 days’ additional antibiotic therapy. a, After trauma. 
h. Uleer healed, after further Varidase treatment. 


added for ten days and upon which healing accelerated remarkably. At the end of 
February, the remaining part of the ulcer was almost healed (Fig. 1 f). The patient was 
sent home but returned on the 7th of August, following a blow on the scar and which 
had caused a new ulcer measuring 10 x 30 mm to develop (Fig. 1 g). A further series of 
Varidase treatments produced a prompt effect. The ulcer again healed (Fig. 1 h), two 
months later, and so far no amputation has been necessary. 
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a. Jan. 31st, 1952 b. March 26th, 1952 c. Dee. 12th, 1952 


Fig. 2a —c (Case 2). Radiation ulcer, dorsum of the left hand. Radium treatment in 

1930 to huge keloids. In Oct. 1951 an ulcer appeared and did not heal. a. Before treatment 

with Varidase. b. After two weeks’ therapy with Varidase. c. Ulcer healed. (Photo 
taken eight months after healing.) 


Case 2. G. E, (No, 2553/30), male, aged 71. Accident in 1929, with severe burns 
on both hands. Teleradium was given in 1930 because of huge keloids. The skin reaction 
consisted of a moist dermatitis. The keloids softened and completely flattened but, in 
October 1951, the patient appeared with a necrotic ulcerative lesion, measuring 11 x 14 
mm, on the dorsum of the left hand. For four months, different therapeutic agents were 
tried but with no effect (Fig. 2 a). Qn the Ist of February, 1952, dressings soaked in Vari- 
dase were applied, and a fortnight later the ulcer was quite clean and dry, with fresh 
granulations. Seven weeks later, the ulcer was completely healed, Varidase having been 
used only every second or third day during the first weeks (Fig. 2 c), the treatment then 
being continued with bland ointments. 


Case 3, E, A. S, (No. 13669/47), male, aged 75, was given roentgen treatment in 
1947 to a skin cancer, measuring 15 x 20 mm on the bridge of the nose. Dosage: 6 700 r, 
{mm Al filter, 40 em FSD, 10 mA and 145 kV. Moist dermatitis occurred but had quite 
healed within seven weeks after the irradiation. In July 1951 he was severely sunburnt 
which caused necrosis in the roentgen-treated area. The lesion measured 10 20 mm. 
For four-and-a-half months the ulcer was dressed with different ointments and lotions, 
without effect. In the middle of November 1951, a Varidase solution was applied. During 
intermittent treatment with this compound for six weeks, the necrotic lesion cleared up 
and almost healed; only a small ulcer, measuring 3 x 4 mm remained. Varidase has not 
been used since then, and (in August 1952) an area, measuring 2 xX 2 mm, that is not 
epithelized, still persists. 


Case 4. L.G. ©. (No. 5595/42), female, aged 60, with a cancer of the right tonsil 
and large and inoperable metastases on the right side of the neck. Heavy doses of tele- 
radium were given in 1942. In September 1943, two small skin necroses were observed. 
They healed in about four months. In June 1947, a further necrosis appeared and since 
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Cc. May 1952 d. Oct. 1952 
Fig. 3a—d (Case 4). 


Radiation necrosis, right side of the neck and cheek after heavy 


doses of teleradium given in 1942, the patient having been admitted with an extensive 


cancer of the right tonsil and a large mass of inoperable metastases. In June 1947, a 

necrotic ulcer appeared and persisted. a. Varidase applied. b. Anterior part epithelized. 

e. Anterior part healing, but the necrosis is extending backwards. d. After mechanical 
removal of fibrous tissue followed by Varidase treatment. 


then has not healed. Many different forms of treatment had been tried, with little effect 
On the 7th of November, 1951, Varidase dressings were applied. The previous burning 
and itching pain disappeared and the ulcer became much cleaner. The anterior part of the 
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a. April 1950 b. May 23rd, 1952 ce. Oct. 13th, 1952 


Fig. 4a —c (Case 6). Radiation necrosis, sacral region. Heavy doses of roentgen rays 

administered to a cancer of the uterus, 1939. a. On admission: Electrocoagulation of all 

damaged tissue; slow healing but no pain. b. Varidase treatment started. c. More than 
one half of the ulcer surface is covered with a thin skin layer. 


wound, measuring 15 * 70 mm, was epithelized after a fortmight’s treatment, but the 
werosis extended backwards behind the right ear. Treatment is still proceeding although 
there is little hope of complete healing (Figs. 3 a—d). 


Case 5. B.S. H. (No. 3005/51), male, aged 23, operated upon three times in 
IM41 42 for recurrent parotid tumours. Teleradium and radium implantation at the 
same time. In January 1951 he developed a further and inoperable recurrence with 
paresis of the facial nerve. He was admitted in June, and teleradium was tried again as 
well as contra-lateral deep roentgen irradiation administered. In July 1951, another 
operation was performed, supplemented, in spite of the risks, by the insertion of radium 
needles. Part of the wound did not heal and a cavity one em deep measuring 2 x 2 cm cov- 
ered with necrotic tissue, remained. Several months of treatment did not accelerate the 
healing. In January 1952, Varidase dressings were tried. One or two days later, the walls 
of the wound cavity were quite clean with healthy granulations. During the following 
month, Varidase was applied for short periods. The ulcer kept clean but healing progressed 
very slowly, probably by reason of the bare and damaged periosteum at its base. The 
patient was referred to a plastic surgeon. 


Case 6. A. M. J. (No. 2636/50), female, aged 70, treated in another hospital in 
1939 for cancer of the corpus of the uterus, heavy doses of roentgen being given. On 
admission to Radiumhemmet in 1950, there was a large ulcer, measuring 50 x 75 mm, 
in the sacral region, the surrounding skin being leather-like (Fig. 4a). Pain was severe. 
In April 1950, I removed the whole ulcer with a diathermy knife and afterwards coagula- 
ted the surrounding tissues. The sacrum was found to be involved. The pain disappeared 
but, of course, the ulcer showed very slow healing. A plastic surgeon considered it im- 
possible to make a graft or otherwise help the patient. She was sent home, happy to be 
free from pain but with a large wound to dress. In May 1952, the patient was re-admitted. 
She still had a large necrotic ulcer, measuring 50 x 80 mm (Fig. 4b). Gauze soaked in 
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Varidase was applied, and after two weeks’ treatment about one-third of the ulcer was 
epithelized and the cav ity quite clean. Two months later a new series of Varidase treat- 
ments supplemented with penicillin injections, were commenced. About half of the ulcey 
surface then became covered with a thin skin layer (Fig. 4c). Treatment is proceeding 
in periods, 


Case 7. J. H. L. (No. 9919/50), male, aged 76, treated in June 1950 for a cancer 
measuring 25 x 35 mm, of the lower lip. Roentgen dose: 4,000 r spread over six days 
The patient also had severe anemia. In July 1950, netk dissection was performed with 
removal of node metastases. In December 1951, he was re-admitted with a necrotic ulcer 
in the irradiated area. In spite of treatment with various ointments and lotions, the 


ulcer increased in size and, in February 1952, measured 15 1) mm. After Varidas 
dressings applied for short periods during the following months, healing began. In August 
an ulcerated but clean surface of only 10 * 15 mm was to be seen. 


The remaining eight cases represent various conditions: Cancer o| 
the skin, penis, prostate, vulva, anal region, colon, breast and female 
urethra. They had all been treated two to thirty years previously with 
roentgen rays or radium and in later years had developed necrotic ulcers, 
from the sizes of peas to almonds. All but one responded as described 
above, the only exception being a patie nt who proved to have a cancer 
growing in the very wall of the necrotic ulcer. Even this was, however, 
to a certain extent freed of necrotic, fibrinous and infected tissue and 
made operable although the patient died six months later from distant 
metastases. 


Conclusions 


The use of Varidase (SK and SD), the results of which are recorded, 
must be considered as a good adjunct in the treatment of necrotic radia 
tion ulcers, representing a new approach to therapy of these painful and 
ye healing injuries. Apparently, the leukocytes are not harmed, and 

Varidase has no effect on living healthy tissue. No allergic or other un- 
toward reactions have been obse rved. The formation of fresh granulation 
tissue is facilitated, and infections may be more easily eradicated ; 
concomitant administration of sulphonamides or antibiotics. Varidase 
is, however, rather expensive. Nevertheless, but one or two days of treat- 
ment may prove of great value. I have tried letting some of the patients 
dress their ulcers at home, though as a rule without particularly satis- 
factory results. The management of the enzymes calls for such careful 
attention as to necessitate admission to hospital during the treatment. 


SUMMARY 


Varidase, a mixture of the enzymes streptokinase and streptodornase, made by the 


Lederle Laboratories, has according to many publications been used in the treatment of 


certain infections and other diseases. The author stresses the value of this compound as 
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an adjunct to the therapy of necrotic radiation ulcers, and reports the results in fifteen 
cases, in all of which rapid cleansing of the necrotic area and accelerated healing was 


obset \ ed. 


ZUSAMMENFASSUNG 


Varidase, eine Mischung der Enzyme Streptokinase und Streptodornase, die in den 
Lederlelaboratorien hergestellt wird, ist gemiiss vieler Veréffentlichungen fiir die Be- 
handlung gewisser Infektionen und anderer Erkrankungen benutzt worden. Der Verf. 
betont den Wert dieser Mischung als unterstiitzendes Mittel fiir die Behandlung von 
nekrotischen Réntgengeschwiiren und berichtet die Resultate in 15 Fallen; in allen diesen 
wurde schnelle Reinigung des nekrotischen Bezirkes und beschleunigter Heilungsablauf 
heobachtet. 


RESUME 


La Varidase, mélange de streptokinase et de streptodornase fabriqué par les Labora- 
toires Lederle, a été, selon de nombreuses publications, utilisée dans le traitement de 
certaines infections et d’autres maladies. 

L’auteur signale l’intérét de ce composé comme thérapeutique d’appoint des radio- 
nécroses ulcérées et rapporte ses résultats dans quinze cas qui, tous, ont présenté un 
nettoyage de la surface nécrotique et une guérison accélérée, 
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